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PREFACE. 


The  puHLcatioti  of  the  test  of  the  Lectures  on  Pliyslology  -which  the 
nutlior  lias  given  for  many  jears  in  the  University  was  originally  con- 
templated at  the  repeated  solicitation  of  his  popila,  who  have  felt  the  ne- 
Ressity  of  having  an  outline  of  the  science  in  its  preacnt  ttate  sufficit^utlj 
hri^  for  their  use. 

There  are  some  advantages  attending  such  a  publication  of  matter 
which  has  heen  employed  in  Lectures.  Among  these,  condensation  or 
compactness  may  be  pnrticularly  mentioned.  It  ia  not  possible  to  in- 
stiTict,  for  any  length  of  time,  classes  of  many  hundred  peraons  without 
delecting  the  more  obvious  imperfections  of  the  course.  An  intelligence 
quickly  springB  up  b&tween  the  professor  and  his  audience,  wldch  un- 
mistakably indicates  to  him  "where  he  is  too  diffuse  and  where  obscure. 

But  there  are  also  disadvantages,  more  especially  where  Lectures  are 
not  read,  hut  delivered  orally  from  a  text.  Such  a  test,  if  published. 
will  show  many  obscurities  in  its  descriptions  which  were  perhapa  re- 
moved in  the  discourse. 

To  write  a  complete  treatise  on.  Phjaiologj*  demands  an  extent  of 
knowledge  possessed  by  very  few  men.  What  science  is  there  whicli  is 
not  involved  in  explaining  our  sEructare  and  functions  ?  Anatomy, Chem- 
istry,  Zoology,  Botany,  Geology,  the  various  branches  of  Natural  Philos- 
ophy, wliich  themselvea  require  a3  their  foundation  Mathematics.  Well, 
therefore,  may  the  author  of  this  book,  in  view  of  his  own  imperfections 
as  tried  by  such  a  standard,  express  his  opinions  with  heaitation,  and,  at 
the  conclusion  of  his  labor,  feci  regret  that  he  has  evet  undertaken  a 
work,  the  execution  of  which,  with  even  a  moderate  success,  is  so  hard, 
and  in  which  the  detection  of  multitudes  of  imperfections  is  so  easy. 

The  science  of  Physiology  is  the  result  of  the  labors  of  thousands  of 
the  ablest  men  continued  for  centuries.  Though  of  course,  in  its  ad- 
vance, physicians  have  taken  the  prominent  part,  it  is  also  under  niani^ 
feat  ohiigalions  to  men  who  did  not  belong  to  the  medical  profession. 
To  recall  the  names  of  its  many  cultivators  would  have  converted  the 
following  pages  into  a  scientific  history.  The  author  desires  to  draw 
his  readers'  attention  particularly  to  this  point,  since  he  has  found  liim- 
self  coRgtrained,  by  the  plan  and  size  of  his  book,  to  avoid  such  a  course. 


IV 


I'JtEFACE. 


and  njay  therefore  have  exposed  himself  to  the  imputation  of  disregard- 
iDg  that  just  tribute  of  rcsjiect  which  la  due  to  those  who  have  done  su 
much  for  tlna  science.  He  trusts,  however,  that  m  this  he  will  not  be 
misunderstood,  and  that  his  jjupils  and  readers  will  constantly  bear  in 
mind  tliat,  beyond  the  suggestion  of  a  trifling  fact  or  idea  here  and  there, 
the  matter  preaentcd  is  not  original  with  him,  but  derived  from  other 
sourcea — the  author's  reading,  during  many  years,  of  the  chief  worka  on 
Physiology  and  its  kindred  subjects. 

It  13,  however,  proper  to  remark,  that  of  contemporary  works.  Dr. 
Carpcntor's  diflercnt  Ireatisca,  Todd  and  Bowman's  Physiologiical  Anat' 
oniy,  and  Kirkes*  and  Paget'^  Hand-book,  are  employed  aa  booka  of 
reference  in  the  University.  Students  who  are  familiar  with  these  ex- 
cellent ■works  will  doubtless  recognize,  in  many  places  on  the  following 
pages,  the  effect  of  their  daily  use  in  imparting  coineidencea  of  exprea- 
sion.  The  later  volumes  of  Dr.  Carpejilcr  have  become  encyclojiedtc  in 
their  acope^  They  are  repositories  in  which  may  be  found  all  the  known 
facts  of  Physiology  lucidly  airanged- 

Ab  respecta  recent  monographs,  the  language  of  the  authors  themselves 
is  employed  wherever  it  was  possible. 

A  list  of  wood-cuts  is  annexed,  in  -which  reference  is  given  to  the 
sources  from  which  thoi^e  not  original  havo  been  derived.  In  the  ex- 
planations of  these  engravings,  the  description  used  is  lltat  of  the  authors 
themselves  wherever  it  was  possible,  and  it  is  incoqiorated  in  the  text ; 
as,  for  instance,  in  Book  I.,  Chapter  XVII. » in  which,  the  engravings  be- 
ing derived  from  the  Nturology  of  Lcveill^,  the  accOnifjanying  descrip- 
tions are  merely  translations  Ijom  the  French;  or,  again,  in  Book  IT.. 
Chapter  Vll.,in  Dr.  Prichard's  statements  of  the  methods  of  examining 
the  skull. 

With  rcgpect  to  the  original  engravings,  it  will  be  seen  that  many  have 
been  obtained  by  the  aid  of  microscopic  photograpby»  the  process  having 
been  so  far  improved  by  the  author  as  to  be  rendered  very  available  for 
these  uses-  Among  his  friends  who  have  taken  an  interest  in  hia  ex- 
periments on  this  subject,  tlie  author  desires  partictllarly  to  e^cpreas  his 
obligations  to  Mr.  Abbott,  whose  extensive  collection  of  objects  has  been 
Hberally  open  to  him,  and  to  whoso  love  of  science  many  of  tlic  best  il- 
lustrations in  this  volume  are  due. 

Pliotography  is  destined  to  render  important  services  to  science  as  well 
as  to  art.  Even  in  the  minor  application  of  enabling  ua  to  obtain,  of  any 
desired  size,  correct  copies  of  originals,  it  ia  of  great  use.  Nearly  all  the 
copied  engravings  of  this  work  have  been  thus  obtained  through  the  in- 
tervention of  photographs. 

Having  now  mentioned  the  sources  from  which  the  mateml  of  this 
book,  both  textnnl  and  ilhiHtrative,  hna  boen  derived,  the  author  will  take 
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leave  to  -make  a  few  remarks  respecling  tlie  manner  in  which  he  has  used 
ibi?  material,  and  the  general  aspect  he  has  given  to  his  work. 

He  has  suggested  the  division,  of  the  whole  subject  into  two  braiicheB, 
Statical  and  Dynamical  Physiology.  The  expediency  of  thia  has  "been 
impressed  upon  hia  attention  by  the  necessity  of  conforming  his  cotirse 
of  Lecturea  to  the  wants  of  a  medical  class.  Th«  phyaician  is  chiefly 
concerned  with  the  conditions  of  life— the  organic  functions,  as  diges- 
tion, respiration,  secretion,  etc.  The  doctrinca^f  development,  and  the 
career  of  an  organic  form,  tire  of  less  pressing  interest.  But  it  \ras  very 
soon  found  that  other  advantages  were  derived  from  tliig  subdivision,  as 
might  indeed  liave  been  cxpccfod,  from  its  conformity  to  the  usages  of 
writers  on  other  branches  of  Pljyslcal  Science.  Doubtless,  if  such  a  sep- 
aration be  accepted  by  physiological  authorities,  it  will  lend  to  the  more 
rapid  progress  of  both  portions  of  the  subject,  by  imparting  to  each  a 
more  definite  office. 

Throughout  the  wovk  Physiologj-  is  treated  after  tlie  manner  known  in 
Natural  Philosophy.  It  was  chiefly,  indeed,  for  the  sake  of  aiding  in  the 
removal  of  the  mysticism  which  has  pervaded  the  science  that  the  au- 
thor was  induced  to  print  this  book.  Alone,  of  all  tlie  great  departnieiils 
of  knowledge.  Physiology  still  retains  the  metaphysical  conceptions  of 
the  Middle  Ages,  from  which  Astronomy  and  Chemistry  have  made 
themselves  tree.  To  exorcise  it  from  such  nonentities  as  irritability, 
plastic  power^  vital  forec,  is  the  duty  of  the  rising  generation  of  physi- 
cians. It  is  also  their  interest.  Empiricism  will  never  be  Kinished 
from  the  practice  of  medicine  until  Physiology  is  made  an  exact  science. 

The  reader  will  also  find  that  the  opportunity  is  taken,  -wherever  it  oc- 
curs, of  directing  his  attention  to  those  arguments  wJjich  the  subject  of- 
fers for  elucidating  the  moral  nature  of  man.  Believing  that  the  right 
progress  of  society  depends  on  its  religious  opinions,  and  observing  with 
concern  the  growing  carelessness  which  is  manifested  in  these  respects 
in  our  times,  the  author  has  not  heailated  to  show  how  advantage  may 
be  taken  of  the  facts  presented  by  Physiology.  We  live  in  a  period  of 
difficulty.  Metaphysical  Philosophy  has  lost  its  hold  upon  the  Immati 
mind.  The  unccrlainties,  contradictions,  and  emptiness  of  the  English, 
Skotch,  French,  and  German  schools  are  manifest.  Already  the  belief 
is  wide  spread  that  their  barrenness  of  result  and  consequent  worthleas- 
neaa  are  the  ncceeaary  incident  of  their  method  of  investigation,  and  that 
we  must  look  to  some  wholly  new  system  as  a  guide  to  truth  on  the 
topics  they  have  had  under  consideration.  That  guide  is  Positive  Sci- 
ence. 

It  would  be  in  vain  to  discourage  the  cultivators  of  Positive  Science 
tVom  attempting  the  solution  of  questions  which  have  foiled  Sj>cculative 
Philosophy.     The  attempt  will  certainly  be  made,  and  will  iiievitably 
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conduct  U3  to  the  truth.  Our  concern  should  be  to  direct  it  firom  the 
outset  in  the  right  course. 

The  existence  of  Goi!,  his  goodness,  power,  and  other  attributes;  thp 
exititcncc  of  the  soul  of  man,  its  ini mortality  and  accountabilily ;  the 
future  life ;  our  relations  to  and  position  in  the  world  ;  its  government : 
these  are  topics  with  which  Pliysicul  Science  is  concerning  itself,  and  from 
wliich  Physiology  can  not  hereafter  bo  diaconnected. 

In  what  is  said  upon  these  points,  the  author  lias  ever  kept  in  view 
the  great  influence,  for  good  or  for  evil,  which  arguments  baaed  upon  ma- 
terial and  tangible  facts  exert ;  and,  ^vithout  in  any  instance  sacrilicing 
what  he  believes  to  be  philosojihical  truth,  he  has  tried  to  present  it  in 
such  a  way  as  to  be  conducive  to  our  highest  and  most  enduring  in- 
terests. 

If  the  actions  of  man  are  influenced  by  his  organization,  bia  career 
must  be  an  espostlion  of  Ins  stnictnrnl  condition,  and  his  liistory  abntnch 
of  Physiology.  In  a  very  imperfect  way,  the  author  has  attempted  an 
LnnovatLon  based  on  these  considerations.  It  is  onEy  an  outline  of  the 
manner  in  wliicb  that  interesting  and  extensive  subject  niigbt  be  dealt 
with.  Viewed  according  to  the  raclhods  of  Positive  Philosophy,  there 
arc  but  two  classes  of  facts  which  can  be  adiniltcd  into  our  discussions 
respecting  man.  They  are  those  which  are  furnished  by  his  structure 
and  functions,  and  those  which  may  be  gathered  from  his  historical  ca- 
reer.    The  proper  presentation  of  the  latter  alone  would  require  a  volume. 

To  the  medical  profession,  as  matters  now  stand,  nothing  is  of  more 
iniportance  than  tlie  dissemination  of  physiological  knowledge.  Empiri- 
cism could  not  flourish  as  It  docs  if  tJie  structure  aiid  functions  of  the 
body  of  man  were  better  understood.  How  many  attvantages  would 
arise  if  the  elements  of  this  science  were  made  a  part  of  general  educa- 
tion in  America  1  What  branch  of  knowledge  has  intrinsically  a  better 
title  thereto  ?  Is  it  at  all  to  be  wondered  at  that  every  kind  of  medical 
imposture  prospers  in  comraunitiea  where  almost  every  one  believes  tliat 
a  man  h&s  one  rib  loss  tlian  a  woman,  and,  even  among  persons  pretend- 
ing to  education,  scarcely  one  can  be  found  who  has  a  distinct  ide*  of  the 
size,  shape,  and  position  of  his  own  stomach? 

Such  a  difiiision  of  physiological  knowledge  would  not  only  tend  to  a 
repression  of  empiricism,  but  would  alao  exert  an  effect  in  raising  the 
standard  of  acquirement  among  medical  men  thf^msclves.  That  a  great 
revolution  is  impending  in  the  practice  of  medicine,  no  one  who  is  at  all 
observant  of  the  progress  of  science  can  doubt.  The  great  physicians 
of  the  future  will  be  the  great  physiologists.  He  who  can  best  correct 
the  imperfections  of  a  machine  is  he  who  best  knows  ils  structtire  and 
action. 

Why  is  it  that  from  Astronomy,  Chemistry,  Meciiaiiical  Engineering, 
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and  such  other  subjects,  empiricism  has  disappeared  ?  Is  it  not  because 
exact  knowledge  has  taken  tlie  place  of  speculation  and  mysticism  ?  The 
delusions  of  Astrology,  Alchemy,  and  Magic  have  been  unable  to  main- 
tain themselves  against  simple  truth.  And  so  of  the  numerous  medical 
impostures  of  our  times,  they  will  die  out  as  an  exact  knowledge  of  the 
structure  and  Junctions  of  man  prevails. 

That  this  volume  may  aid  in  removing  the  great  and  noble  science  on 
which  it  treats  Irom  Speculative,  and  in  attaching  it  to  Natural  Philoso- 
phy— that  it  may  assist  in  establisliing  the  great  doctrine  of  the  pa> 
amount  influence  of  physical  laws  over  organization,  is  the  earnest  de- 
sire of  the  author.  Conscious  of  the  shortcomings  of  his  work,  he  sub- 
mits it  to  the  scientific  world  with  hesitation,  yet  not  without  the  hope 
that  its  errors  and  imperfections  will  be  excused  for  the  sake  of  the  oIh 
ject  it  proposes  to  attain. 
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STATICAL  PHYSIOLOGY. 

COSDmONS  OF  LIFE. 


CILVPTER  I. 

ClmtSlion»  of  Lifi. — Nalare  md  Sovrrvj  of  SuiMfaarvJ  anppKerl  to  tht.  Bt\dtj. — AKimd  Qmnliliea 
Ttijiared, —  Tabk,  of  Pliifxiotoijityil  SMndiV^.—Animali  lio  not  frealu,  Irut  trnns/urm  SulmUin- 
as. — Pf^ptrtka  and  QiiaiHitieA  of  Afuftfrt  rerfhrd  fii)  ihi  Sjfifim. — Projtunitv  nnd  yuMwrirtes 
i^thotril  restnra, — If&it  of  iht  Ba<l^  arises /ro"i  Otmt/wrio'i, — Cnvfinrf  A'jnTv-in  u«  An- 
imal,— Necersiiy  vj'RefHUT*  is  the  ^ywinp.— /'AymJ-uZ/ls^ct  o/Won. — J^  Soul- — T^t  VUat 

For  the  inamtenancc  of  the  lii'e  of  man  three  chemical  conditions  must 
be  complied  -with.  He  must  be  fumisEied  with  air,  water,  and  combuHti- 
b!e  matter. 

Under  the  game  conditiong,  also,  all  animftls  exist.  Even  in  those 
which  seem  to  furnish  us  with  instances  of  departure  from  tliia  j\,t^  «>ndi- 
genieral  rule,  the  exccpriona  are  rather  apparesnt  than  real.  To  ttoasoriifc. 
breathe,  to  drink,  to  eat,  are  the  iiidiapensahle  requiEites  of  life.  If  there 
he  among  insecta  some  -vrhich  seem  never  to  take  water,  or  among  fishes 
some  which  never  ta.s(c  solid  food,  thcae  peculiarities  disappear  as  soon 
aa  we  understand  them  properly.  ^Vliere  a  high  development  ha.s  Iieen 
attained,  as  in  man,  experience  assures  us  that  ihe  game  inevitable  result 
awaits  a  cessation  of  respiration  for  a  few  moment3,  an  abstinence  Iroin 
water  for  a  few  hours,  or  fi'om  food  for  a  few  dajg. 

The  enppty  of  a  part  of  these  necesaaries  of  life  is  adjusted  to  the  ur- 
gency of  the  want.  The  act  of  breathing  ia  Incapuble  of  de-  Sonreej.  of  snp. 
lay,  but  the  air  ia  accordingly  every  where  present,  and  al-  pS.viifmweriiil 
waya  fit  for  use.  We  can  liear  ivith  thirst  for  a  little  time,  and  tiie  earth 
here  and  ihero  famishes  her  apringa  and  other  stores  of  water.  But  far 
othermee  is  it  in  the  obtaining  of  tbod.  It  is  the  lot  of  all  animals  to 
secure  nourishnieDt  by  labor,  and  even  of  men  the  lar^r  proportion,  both 


10 


EQUn-IBBrUM  OF    LIFE. 


on  dMtTuciion 


in  uivilized  and  savage  coimtries,  submit  to  a  hard  destiny.  To  obtain 
their  daily  bread  13  the  great  object  of  life. 

Wliat  is  the  pliilosophical  explanation  of  this  Ticceasity  for  n  siipplj- 
of  air,  of  water,  of  food  ?  Why  ia  it  that  the  Bjatem  will  bear  so  little 
delay? 

The  ang-wer  whieU  Physiology  gives  to  these  queations  ia  an  answer 
Life  deneni]*  '''"  '^^■'^oufi  import,  but  thc  whole  Bcience  is  a  commentary  on 
its  truth.  The  condition  of  life  is  deatli.  No  part  of  a  liv- 
ing mecliaiiism  can  act  without  wearing  away,  antt  tor  the 
continuance  of  ita  functions  there  ia  therefore  an  absolute  necessity  for 
repair. 

It  haa  been  greatly  to  the  detriment  of  phjaiology  and  the  practice  of 
medicine  that  thia  conception  has  not  been  thoroughly  realized  until  latr 
timeg.  The  aajicct  of  identity  which  an  animal  presenta  is  an  illusion, 
biding  from  us  the  true  state  of  the  case.  It  has  been  the  fmitfiU  sour« 
of  errors  which  liave  retarded  the  progress  of  these  sciences.  What  could 
their  career  possibly  be  when  men  had  persuaded  themselves  that  a  liv- 
ing being  possesaea  a  capacity  for  resisting  any  change,  and  that  organic 
Btnicturca  never  yield  to  external  physical  influences  until  after  death? 

But  life,  far  from  being  a  condition  of  immobility,  ia  a  condition  of 
ceaseless  change.  An  organism,  no  matter  of  what  grade  it  may  be,  is 
only  a  teni|}orary  form,  which  m^-riads  of  particles,  passing  through  a  do 
terminate  career,  give  rise  to.  It  is  like  the  flame  of  a  lamp^  which  pr^ 
Senta  for  a  longtime  the  same  aspect,  being  ceaselessly  fed  as  it  ceaselessly 
wastes  away.  But  we  never  permit  ourselves  to  be  deceived  by  the  sim- 
ulated unchangcablenesa  which  such  a  natural  appearance  ofiera.  Wc 
recognize  it  as  only  a  form  arising  from  the  course  wlucii  the  disappear- 
ing ijarticlea  take.  i\nd  so  it  ia  even  with  man.  He  is  fed  with  more 
than  a  ton  weight  of  material  in  a  year,  and  in  the  aame  time  wastes  more 
than  a  ton  away. 

There  is,  therefore,  a  general  condition  of  equilibrium  wluch  every  an- 
Conditinns  nf  '""^  presents,  depending  upon  its  receipts  and  its  wastcj,  a 
equiiiUriuni  in  pTOpcr  knowledge  of  the  conditionB  of  which  ia  at  the  founda- 
""'"'  tion  of  Physiology.     That  we  may  approach  this  problem  ua- 

der  its  simplest  form,  free  it  from  all  unnecegsary  compllcjitione,  and  make 
it  of  most  interest  to  the  special  object  of  tina  book,  the  remarks  now 
to  lie  made  will  be  confined  to  our  own  speciea,  and,  except  when  oth- 
erwise Hlaled,  to  a  condition  of  health,  and  to  the  adult  period  of  life. 

To  have  a  uniform  standard  of  reference,  we  may  assume  one  hundred 
and  forty  pounds  as  the  weight  of  an  adult  healthy  man.  Now  the  con- 
stant conamnption  of  food,  water,  and  atmospheric  air  tends  steadily  to 
increase  that  weight*  and  even  in  a  very  short  time  a  disturbance  arising 
&om  these  sQonxfi  would  be  perceptible,  were  there  not  some  cauaea  of 
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compensation.  Rut  even  atter  a  jear,  il'a  state  of  health  ia  maintained, 
the  weight  may  remain  precisely  wliat  it  was,  and  this  may  continue  year 
after  year  in  succession.  The  consumption  of  large,  quantities  of  aolid. 
liquid,  and  gaaeons  matter  does  not  therefore  necessarily  add  to  the 
weight. 

Thero  ftre  two  periods  of  liie  for  which  this  observatioa  wUl  not  hold 
good.  Tbej  are  infancy  ajid  old  age.  During  the  tbrmer  the  weight  in- 
creases irom  day  to  f^iiy,  and  during  the  latter  it  alowly  declines. 

If  there  bo  tiiua  causes  for  the  increASC  of  weight  of  the  living  system, 
there  are  alao  causes  for  its  diminution.  Setting  aside  the  minor  ones* 
these  may  be  chiefly  enumerated  as  loss  by  urine,  by  fieces,  by  transpired 
and  expired  mattera.  Hy  transpired  matlera,  are  meant  such  as  escape 
under  the  form  of  liquids  and  gases  from  the  skin,  and  by  expired  ruat- 
.-tera,  vapors  and  gases  escaping  from  the  lungs.  There  is,  therefore,  a 
tendency  to  an  inCrCaaq  and  a  tendency  to  a  diminution  of  the  weight, 
and,  in  the  condition  of  equilibrium  we  are  considering,  these  must  bal- 
ance one  another. 

If  a  man  of  tlic  standard  weight  abstains  from  the  taking  of  water  and 
food,  a  good  balance  will  prove  that  in  the  course  of  leas  than  an  hour  he 
has  hf'eome  lighter.  If  lie  still  persists,  it  neetls  no  instnimeiit  l-o  detect 
what  is  going  on;  the  eye  perceives  it,  for  emaciation  ensues. 

How,  then,  is  It  possible  for  a  living  being  to  continue  at  its  standard, 
except  the  causes  of  increase  are  precisely  equal  in  effect  to  the  causes 
of  diminution  ?  Overlooking  minor  ones,  we  may  therefore  assert  thai 
the  sum  total  of  food,  water,  and  atmospheric  air  taken  in  a  given  period 
of  time  IB  precisely  eiitial  to  the  sum  total  of  all  the  losses  by  urine,  tie- 
ces,  transpired,  and  expired  mattera;  for  if  tlie  receipts  were  greater,  the 
weight  must  increase — if  the  loflsea  were  greater,  the  weight  moat  dimia- 
ibIl.  Persistency  in  this  respect  proves  equality,  and  the  case  is  just  as 
simple  aa  in  the  common  afFaira  of  life ;  he  who  pays  leas  than  he  receives 
grows  rich ;  if  his  payments  are  more  than  his  receipts,  he  becomes  poor ; 
bat  hia  condition  is  unchanged  if  his  payments  and  receipts  are  equal. 
Di&ncy,  old  age,  and  manliood  answer  to  these  circumstances  respect- 
ively. 

From  the  array  and  navy  diet  scales  of  France  and  England,  which  of 
coarse  are  based  upon  the  recognized  necc^tsities  of  large  Qdintityof 
nnmbers  of  men  in  active  life,  it  is  inferred  tliat  about  2i  l]'y"Jf,''^"|^'i'*' 
pounds  avoirdupois  of  dry  food  per  day  are  required  for  each  yo*r. 
individual ;  of  tliia  aI»out  three  quarters  are  vegetable  and  the  rest  animal. 
At  the  close  of  an  entire  year  the  amount  is  npwarcl  of  800  pounds. 
Enumerating  under  the  title  of  water  all  the  various  drinks — coffee,  tea, 
alcohol,  wine,  &c. — its  cetitnated  quantity  is  about  1500  pounds  per  an- 
num.    TTiftt  fijr  oxygen  may  be  token  at  bCH)  pomida. 
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With  these  figures  before  -as,  we  we  able  to  see  how  the  case  stands. 
The  tbod.  water,  and  air  which  a  man  receives  amoimt  in  the  aggregate 
to  more  than  3000  pounds  a  year ;  that  ia,  to  about  a  ton  and  a  halJ',  or  to 
more  than  twenty  time*  Hs  v^-eight.  This  enormous  mass  may  well  at- 
tract our  attention  to  the  expenditure  of  material  which  is  required  tor 
supporting  life.  It  reveals  to  us  the  fact  that  the  old  physiological  doc- 
trine, tliat  a  living  being  is  not  influenced  by  external  agents,  is  altogether 
a  fallacy.  A  living  being  is  the  result  and  representative  of  change  on  a 
prodigiouH  scale. 

The  condition  of  equilibrium  which  has  just  been  set  forth,  tnoreover, 
Quantity  of  IcaAs  to  the  conclusion  tliat  the  aggregate  weight  of  urine, 
™v"in«i*in «"  f^^^t  transpired^  and  expired  matter  is  the  same  for  tlie 
>■««.  Same  period  of  time.     In  round  nmnbere,  we  may  take  it  at 

a  ton  and  a  half. 

It  caft  not  be  questioned  tliat  the  materials  whicli  are  rendered  back  to 
the  external  world,  after  having  subserved  the  purpose  of  thti  luiimal  and 
passed  through  its  system,  arc  compounds  of  those  whicH  were  originally 
received  as  food,  drink,  and  air,  tliough  tliey  may  have  assumed  in  tlieir 
course  otiicr,  and  jwrhaps,  in  otu"  estimation,  \-ilcr  forma.  Recognizing 
aa  indisputable  the  physical  fact  that  not  an  atom  oan  be  created  any 
more  than  it  can  be  destroyed,  we  shoidd  expect  to  discover  in  the  sub- 
etaneea  thus  dismissed  from  the  system  eveiy  particle  that  had  boeji 
taken  in. 

What,  then,  is  man  ?  Is  lie  not  a  form,  as  is  the  Hamo  of  a  lamp,  the 
temporary  rcpult  and  representati%'0  of  myriads  of  atoms  tliat  arc  fast 
passhig  through  etatcs  of  change — a  mechanism,  the  parts  of  which  are 
unceasingly  taken  asunder  and  as  unceasingly  replaced  ?  The  appear- 
ance of  corporeid  identity  he  presents  year  aiter  year  is  only  an  illusion. 
He  begins  to  die  the  moment  he  begins  to  breathe.  One  particle  after 
another  is  removed  away,  interstitial  death  occurring  even  in  the  inmost 
recesses  of  the  body. 

From  these  goneral  considerations  we  infer  that  llie  essential  condition 
Gr»*t  cii*n(  of  (jf  life  is  waste  of  the  body ;  and  tins  not  only  of  the  body 
u«  iyswrn  of "  '"  *^i*^  ag^TTgate,  but  even  of  each  of  its  particular  parts, 
man.  Wliatevcr  part  it  may  be  that  is  ejcercised  is  wearing  away, 

and  wherever  there  is  activity  there  is  death.  And  since  parts  that  are 
dead  nio  useless,  or  even  injurious  to  the  economy,  the  necesaities  simul- 
tanoously  arise  for  their  removal  and  for  repair.  31ucli  of  the  compli- 
catcil  mccbaniam  of  animal  stractnrea  is  for  the  accomplishment  of  this 
double  duty. 

For  an  organic  being  to  live,  its  parts  must  die.  Tlie  amount  of  activ- 
ity it  dispUys  is  measured  by  the  amount  of  death,  and  in  this  regard 
every  member  of  tlie  animal  series  stands  on  th«  same  levcL     Ilere,  at 
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tlie  very  outset  of  our  science,  we  must  diamigg  the  vulgar  error  that  the 
physical  contlitiona  of  existence  vary  in  ditferent  tribes,  and  that  man  is 
not  to  be  compared  with  lower  forma.  We  must  eteadily  keep  in  view 
tlie  iulercormection  of  iiU,  a  doctrine  which  ia  the  guiding  light  of  modem 
physiology,  and  whiuh  authorizes  us  to  appeal  to  the  structure  nnd  fiiuc- 
tiona  of  one  auimal  for  an  esplanation  of  the  structure  and  functions  of 
another.  The  more  steadily  wc  keep  before  U3  this  pliilosoplucal  con- 
ception of  the  interconnection  of  all  organic  forms,  the  clearer  will  be-  oiir 
physiological  views.  There  has  never  been  created  such  a  thing  aa  an 
isolated  living  being. 

From  the  tnanncr  ia  whltiU  thcsG  general  conaiderarions  of  the  mechan- 
ical apd  chemical  eniiiUibriurii  of  the  system  of  man  have  been  Necessity  nnj 
introduoed,  it  will  doubtless  be  seen  that  it  is  the  firat  busi-  J^^ii^^^ 
neea  of  the  physiologist  to  disentangle  the  variable  results  standanis. 
which  that  gystem  prescJite,  as  far  as  may  be  possible,  and  offer  them  un- 
der a  standard  estimate;  tiiat  at  the  basis  of  tliis  science  there  should 
be  a  table  setting  forth  with  the  utmost  exactness  all  the  qnantiliea  con- 
cerned in  such  a  standard  type.  ThuSf  asaummg  the  weigiit  of  an  adult 
man  at  140  pounds,  aa  we  have  done,  it  should  show  the  tUunial  consump- 
tion: of  combustible  matter  or  foodi  of  water,  of  mr — the  diurnal  loss  by 
evaporatiion,  by  secretion,  by  rcapiration.  In  coiitfiist  with  till*  it  should 
also  give  the  nocturnal.  It  should  alao  represent  the  quantity  of  bile, 
of  saliva,  of  jiancreatic  juice  ;  the  weight  of  eacli  one  of  the  various  salts 
and  organic  bodies  they  contain,  the  diurnal  and  nocturnal  jiroduction  of 
beat,  &c 

For  the  purpose  of  the  practico  of  medicine,  a  standard  of  140  pounds 
will  perhaps  be  foiuid  most  ooavenient,  but  iji  a  scientific  point  of  view, 
and  especially  for  comparative  physiology,  a  standard  of  lOGO  parts  is 
best  afisumed.  I  now  present  an  attempt  at  the  construction  of  such  ta- 
bles, it  being  perhaps  scarcely  necessary  to  apologize  for  their  ertrerae 
imperfection.  Though  offering  the  results  at  present  received  as  most 
trustworthy,  a  vtiry  su|K;rHcial  examination  will  show  how  full  they  arc 
of  errors  and  contradictions.  Perhaps  it  would  not  be  too  much  to  say 
that  it  will  require  the  labor  of  many  physicians,  continued  for  centuries, 
to  bring  such  tables  to  the  truth.  Yet  the  approach  to  precision  in  these 
hypothetical  constants  will  in  all  times  lie  a  measure  of  iiie  esactueas  of 
physiology,  and  it  may  he  added,  also,  of  the  practice  of  medicine.  The 
time  18  at  hand  when  such  a  tyiiical  standard  must  be  the  starting -point 
for  pathology,  and  no  rational  practice  can  e.xiflt  without  it.  The  passage 
of  physiology,  from  a  speculative  to  a  positive  science,  is  the  signal  for  a 
Kvolution  in  the  practice  of  medicine. 

Moreover,  pliysiology  should  funiish  formulas  for  the  computation  of 
variations  in  those  tabular  numbers  under  variable  couditions ;  as.  fur  iu- 
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atflnce,  under  low  and  high  acrinl  tempcraturofl,  change  of  atmospheric 
prcBSuxeB,  absolute  quiescence,  or  the  near  approach  thereto,  the  pfi'ect  of 
a  determined  amount  of  locomotion,  or  other  muscular  exertion,  &c  Aa 
the  science  becomes  more  perfectv  it  shoidd  likciiviae  attempt  to  embrace 
pathological  states;  as,  for  instance,  the  diimrnl  or  ]>modic  production  of 
heat  in  fevers,  the  effect  of  the  hygienic  system  of  tlie  bedroom. 

Physiology  having  attained  to  thia  high  condition,  the  practice  of  med- 
icine in  its  great  dcpan.ment  of  diagnosis  mil  coiiBist,  in  reality,  in  the 
solution  of  inverse  problems.  Given  the  varialiona  from  the  standard  cx- 
iBting  in  any  case,  to  determine  the  cause  of  lliose  variationfl.  Af  this 
point  lUagnosiB  becomes  a  science^  and  ceases  to  be  an  ait. 

As  in  painting  and  statuary,  the  artist  haa  an  ideal  model  in  Iiis  mind, 
„  of  "  'yp''^  Htandard  which  no  living  heing  lias  perfectly  reach- 

ihe  roiiowing  ed,  though  some  of  the  most  beautiful  may  have  approached 
'"'*^-  thereto,  so  in  physiology  the  standard  or  tj'pical  man  pre- 

sents the  combined  and  mean  values  of  all  the  human  race. 

A  less  comprehensive  view  presents  us  with  distinct  national  standards, 
instead  of  this  universal  one,  for  every  country'  has  its  own  pGCullarities, 
Results  of  tlie  highest  intert;st  ore  to  be  perceived  when  these  national 
standards  are  compared  with  one  another.  Even  the  same  nation  must 
oft'er,  from  age  to  age,  modihcationg  in  its  tj-pe  expressive  of  the  accidar 
pCTtiii-balions  it  ia  undergoing,  as  it  advances  or  descends  in  a  knoivledge 
of  Ike  arts  of  lilc  and  civilization. 

Moreover,  tliere  are  typical  standards  of  a  still  lower  order,  having  rei- 
erence  to  the  conditions  of  sex  and  the  period  oi'  life.  Of  these  six  may 
be  designated — the  infant,  the  adult,  the  aged,  of  the  male  and  female  Bex 
respectively. 

As  illustrations  of  these  remarks,  and  examplea  of  the  determination  of 
the  fundamental  clement  of  such  a  general  physiological  table,  the  stand- 
ard weight  of  the  body,  we  may  take  the  following  estimates.  An  ex- 
amination of  20,000  inlants.  at  the  Maternity  in  Paris,  gives  for  the  weight 
of  the  new-bom  6ilhs. ;  the  same  mean  value  obtains  for  the  city  of  Bnia- 
Bels.  For  about  a  week  after  birth  lliia  weight  nndei^oes  an  actual  dim- 
inution, owing  to  the  tissue  destruction  which  ensues  tlirough  llic  estab- 
lishment of  aerial  res^mation,  and  wliich  for  the  lime  exeeetls  the  gain 
tifom  nutrition-  For  the  saine  age  the  male  infant  is  heavier  than  the  fe- 
male, but  this  difference  gradually  diminishes,  and  at  twelve  years  tlieir 
weight  is  sensibly  the  same.  Three  years  later,  nt  the  period  of  puberty, 
the  weight  is  one  half  of  what  it  is  filially  to  be,  when  full  development 
is  reached-  The  maximum  ii'eiglit  eventually  attained  is  a  little  more 
than  twenty  times  that  at  birth,  this  holding  good  for  both  sexes;  hut 
since  the  new-bom  female  weighs  less  than  the  standard,  and  the  new- 
bom  male  Tnore,  the  weight  of  the  adult  male  is  136^^  lbs.,  and  of  tlie 
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adiUt  female  I'^I-j^/y^-  Mis.  Tliemcanweight  of  a  man,  irrespective  ot'hia 
period  of  liie,  13  l*J^-i*(i^  lbs.,  and  of  a  woinan  93y^jy  11)3.  Tin;  mean 
weight  of  a  Imman  being,  witLout  reference  either  to  age  or  ses,  is 

For  tlie  preceding  nmnbcra  we  arc  indebted  to  the  researches  of  M. 
Queteletf  who  likewise  has  in  an  intcreathig  manner  extended  the  meth- 
ods of  atatistica  to  the  illustration  of  the  physical  and  moral  career  of 
man,  and  imjircssed  us  with  the  facts  that  in  the  discussion  of  the  jihe- 
notncna  which  musses  present,  individual  ppculidrity  disappears  and  gen- 
eral Isws  emerge.  The  actions  which  seem  to  ho  the  result  of  free  will 
in  the  individiud,  assume  the  guise  of  necessity  in  the  commiinity.  Juet 
as  we  are  sure  that  man  is  bom,  develops,  and  dies  under  the  operation 
of  laws  that  are  absolutely  invariable,  bo  communities  seem  to  be  under 
the  influence  of  unchangeable  laws.  "In  comuiuniticB  man  commitH  the 
same  number  of  murders  each  year,  and  does  it  with  the  same  weafjoiis. 
We  might  enumerate  beforehand  how  many  iudividuals  will  imbrue  their 
hands  in  the  blood  of  their  kind,  how  many  will  forgi*,  how  manv  poison, 
verj-  nearly  aa  wc  enumerate  beforehand  how  many  births  and  deaths  wdJ 
take  place" 
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It  IB  to  be  rec^ved  aa  a  doctrine  admitting  no  controversy,  that  or- 
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ganic  Bysteras,  whether  vegetable  or  animal,  whether  hamble  or  elaborate- 
An  HniciHi  ere-  Jy  developed,  possess  no  power  of  creating  material.  Their 
bnt  onJv  itin*.  ftmction  is  of  necessity  limited  to  the  mere  transt'unnation  of 
foraiB  the  Rntv  substances  furoished  to  them.  From  thia  it  follows,  even  in 
o^Tw  the  case  of  man,  that  the  substances  dismissed  ^m  the  sys- 

tem  are  mctamoqihosi^d  forms  of  tbofio  which  have  been  received,  and 
tliat,  ivlwlevet  their  apjiearaiicc  may  bc^  they  must  have  arisen  from  the 
reaction  of  the  food,  water,  and  sir  upon  one  another. 

This  reaction  vre.  may  proceed  to  \ic\v  as  a  purely  chemical  resiJt: 
for,  casting  aside  all  the  vain  hypolhesea  of  the  older  physiology,  and  per- 
mitting ourselves  to  be  guided  by  the  liarmoniea  of  nature,  we  should  ex- 
pect to  recognize  in  the  changia  taking  place  in  organic  Bystems,  and  in 
the  phenomena  wliieh  attend  tliose  changes,  the  same  results  which  arise 
in  the  artificial  or  experimental  reaction  of  food*  water,  and  air  on  each 
other.  A  \-ei7  su|'>erficial  examination  of  the  facts  shows  at  once  the 
the  dieminl  correctness  of  this  expectation.  On  such  an  e.^uuninatiob  we 
Miiwi'w.*'^  now  enter,  premising  it  with  some  general  remarks  needM  for 
wived.  ourpurposeon  the  nature  and  properties  of  food,  water,  and  air. 

1st.  Of  Food. — No  article  ia  suitable  for  food  except  it  be  of  a  com- 
bustible nature.  Its  ciiemical  coustitution  must  be  such  that  if  its  tem^ 
peraturc  be.  raised  to  a  proper  degree  with  a  due  access  of  atmospheric  air 
it  wQl  take  fire  JUid  bum,  and  the  products  of  its  combustion  must  be  car- 
bonic acid  gas  and  water,  or  those  substauccs  with  nitrogen  or  ita  com' 
[•oundfl. 

^d.  Op  Water. — This  may  be  token  as  the  type  and  representative 
of  all  the  ^'urious  liquids  used  as  drinkii.  It  evaporates  at  any  tempera- 
ture, even  at  tliose  which  are  lower  than  its  freezing  point,  and  in  this 
eva|x>ration  produces  cold.  Water  vaporlziiig  from  the  akin  absorbs  11 14 
deuces  of  heat,  and  hence  exerts  a  most  powerful  refrigerating  actioiL 
Over  saline  substances  there  are  few  bodies  which  exercise  so  general  a 
solvent  effect  In  virtue  of  thia  proj)eny.  it  is  enabled  to  introduce  in 
the  dissolved  state  such  coni|>ounda  as  are  wanted  for  the  nutrition  of  the 
^TBtcm,  and  in  the  swnc  manner  to  cany  away  ihe  wasted  products  of 
decay. 

3d.  Of  Atmospheric  Air. — The  acti^x  principle  of  the  air  is  o.'Ejgen 
gu,  the  effects  of  whicli  aro  moderated  by  the  preaencQ  of  a  large  quanti- 
ty of  nitrogiai — four  (iftha  of  the  air  csonaiating  of  this  latter  substance. 
Physiologically,  ht  oficn  use  Uio  tcnna  atinospfaeric  air  and  oxygen  sjn- 
ooynonsly. 

The  chief  materials  which  a  living  being  recciY«  from  the  external 
world  are,  therefore,  amiiu^niiu:  matter,  water,  oxtqex  qas  ;  mid  oui 
of  the  actioc  of  thc«e  upon  on«  anotlicr  all  tliu  phystoal  plusnoioena  of  its 
liJe  arise. 
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Sucli  lieing  the  nature  and  properties  of  tlie  llungg  recei^'cd,  we  mny 
now  cxainiiie  in  the   eanie  general  msiiner  those  wliicli  are  proiMirUcfl  of 
disiuisscd  from  tlic  system.     Here,  at  the  very  outset,  we  en-  sui.iianecs 
counter  the  important  iact  that  they  are  oxidized  or  burned  ti,o  eyBicm.' 
bodi'Ca, 

1st.  As  respects  the  urine  and  its  constituents.  Its  liquid  part,  wa- 
ter, is  an  oxide  of  hydrogen,  of  wliidi,  though  the  greater  portion  may 
not  have  lieen  produced  in  the  economy,  yet  a  certain  quantity  iinquea- 
tioiiahly  has.  In  it,  too,  are  to  be  found  sulphuric  aeid,  wldch  is  an  oi- 
ide  of  sulphur;  phopphoric  acid,  wUicJi  is  an  oxide  of  phosphorus ;  and  its 
leading  sotid  constilncnt,  urea,  is  the  representative  of  bodies  whidi  arise 
when  processes  oi'  oxidation  have  been  going  on* 

2d.  T]ie  expired  and  tranapirod  matters  present  sirailar  burned  com- 
pounds. At  the  he-id  of  these  products  stand  carbonic  acid  gas,  which  is 
an  oxide  of  carljon,  and  water,  which,  as  we  Iiave  already  saiLl,  is  an  ox- 
ide of  hydrogen.  We  here  omit  any  consideration  of  the  nature  or  con- 
glilulion  of  the  fa*al  matter,  because  nindi  of  it  ha.s  never  been  properly 
in  the  interior  of  the  eysleniT  though  it  has  passed  through  the  intestine. 

The  general  result  at  whicli  we  arrive  is,  then,  that  the  food  consists  of 
conihuslible  matter,  and  that  the  substances  dismissed  Ironi  the  economy 
are  oxidized  lx>dic3.  A  burning  must,  therefore,  have  been  go-  Combuition 
ing  on,  and  tliis  eoidd  only  liavc  been  accomplished  by  the  air  otcuraiatLe 
introduced  by  breathing  jtcting  upon  the  substance  of  the  body  ^" 
itself  and  its  contents,  and,  to  repair  tlie  waste  which  must  liave  ensued, 
a  due  weight  of  food  has  been  reipiired.  Since  this,  in  its  turn,  as  s 
part  of  the  living  mechanismi,  is  destuied  to  undci^o  the  like  destructive 
action,  we  may  present  the  entire  series  of  facts  under  consideration  cor- 
rectly by  regarding  tliem  as  arising  remotely  from  the  action  of  the  air 
upon  the  food. 

"With  tills  statement  before  us,  we  next  inquire  what  ensues  wlicn  suV 
stances  appropi'iate  tor  food  arc  exposed  in  arJiticial  experiments  at  a  cer- 
tain temperatnre  to  the  action  of  atmosplieric  air. 

A  piece  of  ilesh,  or  even  of  any  vegetable  body,  consisting  of  carbou, 
hydrogen,  oxygen,  and  nitrogen,  submitted  to  those  condi-  K^auiLsofartU 
tionJ,  uudergoea  combustion.     Its  carbon,  hy  uniting  with  ox-  ^"-'"^^  pohiIjus- 
ygen,  produces  carbonic  ncid,  its  tiydrogen  wr  the  most  \wat  ■&  that  in  the 
water,  but  a  rcaidue  thereof*  combining  witJi  the  nitrogen,  may  *""'*'■ 
gi\*o  rise  to  the  prodiiction  of  ammonia.      If  there  be  any  sulphur  and 
jihosphoruR  present,  they  also  bum,  and  salts  of  sulphuric  and  phosphoric 
acids  are  the  result, 

Such  18  i\hat  occurs  outside  of  the  body  in  a  common  case  of  artificial 
combustion  where  atmc'sphcric  air  has  access.  The  constituents  of  whicli 
the  food  is  composed  thus  satisty  their  chenncal  affinities,  and  the  coni- 
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potmda  vre  have  mentioned  aiise.  Nov  it  is  a  fact  of  the  ntmost  signiA^ 
canoe  that  the  compounds  thas  origiimTing  firom  the  direct  artitici&]  hurn-; 
tng  of  Blatters  proper  for  tocM^  are  the  %'err  same  that  are  dismLtscd  frcni 
the  animal  sjstem  in  which  (ooA  has  been  submitted  to  the  air  tiitri>du<:ed 
hy  lespliation.  They  ore  sach  saljetanoes  as  carbonic  acid,  water,  am- 
moaia,  s^utphates  and  phosphates. 

It  may  impiees  these  tmtha  more  deepljr  upon  vs  to  learn  that  the; 
&cts  at  which  we  have  thns  anii'ed  may  also  be  leccgnized  in 
changes  of  destmrtion  pn?sented  hv  the  vegetable  kin|Ep3om.  The  leaves 
of  trees,  after  they  have  ^en  in  aattunn,  qtiickly  decay,  and  even  t! 
heart-wood  itg«Jf  has  8  Umit  beyond  whidi  it  doe*  oM  last.  Sooner 
later  ereri'  part  of  a  plant  is  destroyed  by  the  atmospheric  air.  Such 
limits  of  doiation  in  nnimal  stnictims  are  short.  A  vfry  brief  time,  per* 
haps  only  a  few  hoars,  is  all  that  is  wanted  for  patrefaetifm  to  set  in.  aiid 
the  entire  mas?,  undergoing  dissolution,  is  lost  in  the  smroondii^  air. 

This  final  disappeamnoe  of  all  organized  ^tmctni^  is  brought  about 
by  tbe  action  of  that  energetic  element,  oxygen.  If  by  any  contrivance 
its  iniliieiice  is  pi^vented  and  its  ptesence  aroidcd.  these  changes  do  not 
take  fhxx.  Putre^iction  and  decay  are  slow  combustions,  true  hnnungs 
taking  time.  There  cqoally  arise  from  the  fallen  leaf  and  from  the  de- 
caying IjTMly  carbonic  acid,  water,  and  ammonia,  the  self-same  aibatance* 
dismissed  from  the  economy  dcring  the  continuance  of  life.  h 

pTDoesses  of  combustion  and  procesaea  of  decay  are  tlieretbre  both  dno  ■ 
to  the  action  of  atmospheric  oxygen  on  the  chanpng  Fubstancb     They 
di£fer  chiefly  from  one  another  in  the  lelatire  rapidity  with  which  they 
are  accomplished. 

The  facts  tbaa  set  forth  warrant  tbe  following  ^tatcmentB.  The  mat-^fl 
ttn  which  a  man  recciTCs  as  food  an;  combustible  l>odie* :  those  dismissed 
r^gdvrioq  at  from  bis  eystem  have  been  burned.  To  (bat,  as  to  any  other 
■■«**'  "***-  such  boming,  oxygen  gas  is  absolutely  requisite.  There  is, 
thaefbre,  a  plain  c-onclnsion  before  us.  which,  in  its  far-TcacJltlig  conae- 
q— MM*,  covers  tlie  wbole  pcience  of  pkysiolo^\  and  betrays  to  as  the 
foaetion  which  every  animal  disrliargcs,  viz.,  that  oxidation  is  inoeeaant- 
fy  going  on  in  tbe  interior  of  the  svstein  through  the  agency  of  atmoa- 
plKric  air  introdnoed  by  the  pro«ss  of  breathing. 

An  animal,  in  this  point  of  vien',  is  an  oxidizing  machine,  into  the  in- 
tmor  of  wUdi  Mtmog^benc  air  is  constantly  introduced.  The  active  con- 
•dtsat,  uxypaif.  satufies  its  chemical  affinities  at  the  expense  of  thoso 
parts  of  the  syston  which  are  waiting  aw«y>  And  as  the  act  of  breath* 
b^,  tliat  is,  the  introtluction  of  this  gas,  takes  place  day  and  ui^t,  wak- 
ing and  slfeping,  so  too  must  the  production  of  bomed  bodies ;  a  pwl 
escaping  by  the  longs,  a  part  by  the  akin,  a  part  in  tbe  urine.  To  com- 
peoaate  the  loss  which  «nEiiBS,  nearly  1 IHJO  jmnnds  weight  of  combustibir 


I 


PROm'CnON   OF   HEAT. 


19 


matter  miist  be  iised  in  the  coitrse  of  a  year,  and,  for  reasons  to  be  exam- 
ined in  detail  presently,  tliree  quarters  of  a  ton  of  water.  But  this  m  a 
very  different  conclusion  to  the  notion  of  the  ancient  physicians,  that  an 
animal  during  its  life  is  exempt  from  partiuipaiing  in  external  changes, 
and  is  an  enduring  monnment  of  the  power  poeaessed  by  the  vital  foece 
of  resisting  all  physical  influences. 

But  carbon  by  uniting  with  oxygen  can  not  turn  into  carbonic  acid, 
nor  can  hydrogen  turn  into  water,  nor  nitrogen  into  aiiimonia»  without 
heat  being  produced.  The  very  nieanipg  we  .attach  to  tUt;  term  mdicatea 
^lat  eveTTf-  process  of  bimiing  is  attended  with  the  liberation  of  heat. 

In  domestic  economy,  we  protect  ourselves  from  the  cold  weather  of 
winter,  or  attain  aiiy  high  temperature  we  want  by  the  oxidation  of  some 
of  the  forms  of  carbon,  such  as  wood  or  eoaU  in  firc-plnces  or  stoves. 
We  know  that  for  the  production  of  a  given  quantity  of  liMt  a  given 
weight  of  combustible  matter  and  of  air  is  required,  and  that  by  employ- 
ing various  mechanical  contrivances  for  increasing  the  drauglit  we  can  ac- 
celerate the  burning. 

Moreover,  if  in  our  laboratories  we  require  the  verj'  highest  tempera- 
ture that  can  be  artificially  obtained,  we  resort  to  tlie  burning  of  hydro- 
gen. There  are  instruments,  snch  as  the  compound  blow-pipe,  construct- 
ed on  thia  principle.  In  the  flame  wbich  arises  in  this  combustion  tlie 
most  refractory  substances  melt  or  are  dellagnited. 

But  it  may  be  said  that  though  when  a  Bubatance  is  rapidly  oxid- 
izing it  must  be  evolving  heat,  there  is  jwirhnps  a   slower  Prodnnticmof 
kind  of  combination,  in  which  the  partieles  unite  without  any  (l^^ii^aa^d^ 
disturbance  cf  temperature.     What  proof  conld  Ije  offered,  for  dcc*y. 
example,  that  a  mouldenng  leaf  is  disengaging  heat? 

In  answer  to  this  it  is  not  necessary  to  bring  forward  refined  or  direct 
experinienta.  Every  leaf  when  it  nsoulderj?  is  literally  burning  away. 
The  extrication  of  wannth  begins  even  when  it  is  i^eady  to  tall.  Wliat 
does  the  farmer  expect  in  makuig  Ida  hay,  if  he  puts  the  gra&s  up  in  too 
moist  a  state,  or  in  too  large  a  mass  ?  The  temperature  does  not  stop  at 
the  stage  of  bituminous  fermentatioH,  but  the  stack  most  probably  takes 
fire.  Of  course  what  is  going  on  in  tlie  whole  mass  is  going  on  in  each 
separate  leaf,  nndistinguishable,  it  ia  true,  in  the  latter  case,  because  the 
heat  of  a  single  decaying  leaf,  taken  alone,  may  be  carried  off  by  the  cold 
surrounding  air,  or  by  the  contact  of  good  conducting  bodies,  and  so  be 
lost  to  exantination. 

From  agricnlturnl  oixrations  we  may  also  learn  that  what  holds  good 
for  vegetable  bodies  is  true  for  animal  subBtanees.  Heaps  of  manure  or 
of  offal  of  any  kind,  il"  due  access  of  air  be  given,  exhibit  the  extrication 
of  carbonic  acid,  steam,  atid  ammonia,  and  the  temperature  promptly  rises. 
The  gardener  avails  himself  of  this  fact.     He  uses  the  heat,  aa  it  is  slowly 
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set  free  by  the  pntrefaction  of  mflnurc  in  bis  forcing  frames,  to  bring  fortlr 
plants  m  the  early  spring.  Tliere  is  no  kind  of  decay,  or  putrefaction,  or 
oxidation  of  organic  matters,  however  slow  it  may  be,  that  is  not  marked 
by  tlie  production  of  warmth. 

5Ian,  in  a  state  of  health,  maintains  a  nearly  uitilbmi  temperature. 
Hem  of  man:  Neglecting  slight  variations,  to  be  hcrcattcr  critically  pxam- 
ica  cause.  inej^  \i  ia  gg  degrees.  For  the  most  part,  it  is  immaterial 
in  what  climate  of  the  earth  he  may  residci,  whether  in  the  cold  polar  re- 
gions or  the  hot  tropic;  he  is  so  conatitutcd  that,  either  through  the  pro- 
visions of  liia  own  organization,  or  by  resorting  tq  thc  adventitious  aid  of 
clotliing,  or  to  S]wciai  articles  of  food,  lie  can  maintain  himself  at  about 
thc  same  degree ;  and  as  all  this  heat  arises  from  interstitial  oxidation 
contiiuially  taking  place,  it  is  obvious  tliat  within  certain  limits  he  lias 
control  over  it.  Tims,  in  the  winter  he  sometimes  resorts  to  violent  mus- 
cular action  in  oider  to  increase  the  rapidity  of  respiration  and  the  de- 
struction of  muscular  tissue;  for  the  greater  thc  quantity  of  air  intiij- 
dnoed  in  a  given  period  of  time,  tlic  higher  the  teniiwrftturc  rises,  just 
as  when  wc  cloae  the  door  of  a  stove,  or  place  a  blower  on  an  anthracite 
fire,  an  increased  draught  is  occasioned  and  thc  rjiiantity  of  heat  is  in- 
creased. To  breathe  with  rapidity  and  depth  is  certain  to  raise  the  tem- 
perature. 

On  the  contrary,  in  snmme^^  when  the  heat  is  oppressive,  we  instinct- 
ively abstain  from  muscular  exertion,  tranquil  and  bIow  respiration  goes 
on,  and  the  tempcrattirc  is  kept  down.  Again,  there  are  incaua  of  occa- 
sioning an  incredsed  liberation  of  heat  by  changing  the  nature  of  thc  food 
and  using  highly  combuatible  material,  such  as  the  various  kinds  of  alco- 
holic preparations.  The  chemical  constitution  of  alcohol  is  such  that  in 
the  act  of  burning  carlxmic  acid  and  water  are  produced  with  the  libera- 
tion of  BO  much  heat  tliat  chemistft  find  it  one  of  the  most  suitable  means 
of  attaining  a  high  temperature.  On  taking  preparations  of  this  substance, 
eiicli  as  distilled  liquors  or  wines,  the  first  eflTeet  is  the  production  of  a 
genial  warmth  nil  over  the  body,  intoxication  eventually  coming  on  as  a 
secondary  result. 

TliGse  remarks  are  not  limited  in  their  application  to  onr  own  Bpecie.'i, 
the  whole  animal  world  fiimishes  us  with  commentaries  on  their  truth. 
Man  maintaining  a.  temperature,  as  lias  been  said,  of  about  98  degrees, 
other  animals  are  at  other  degrees,  some  being  cold-blooded  and  some  hot. 
Tlie  particular  jwinl  thcy  reach  depends,  as  direct  observation  shows,  on 
the  quantity  of  oxygen  they  consume,  or,  in  other  wortls,  on  their  respira- 
tion. Birds,  whose  breathing  mechanism  is  by  far  the  most  elaborate 
and  extensively  developed,  have  by  far  thc  highest  temperature.  Thc 
snake  or  the  tortoise,  whose  rate  of  rcsiiiration  is  very  slow,  and  which 
oonsume  but  Uttlo  oxygen,  have  a  corresponcUngly  low  degree  of  heat. 
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And  in  those  creatures  wliicli  at  one  period  of  tiic  year  are  in  full  lactivity, 
but  at  another  lie  dormant  or  hibernate,  as  they  begin  to  respire  more 
alowly  their  tempLTature  begins  to  decline,  tmd  when  they  have  sunk  into 
their  winter's  sleep  their  breathing  ia  scarceJy  perceptible,  and  their 
warmth  searcely  above  that  of  the  aitrrounding  air^ 

In  wliat  has  been  thus  far  said  we  have  been  considering  tliose  opcr- 
ationa  of  the  system  which  tend  to  the  production  of  heat,  cnuaci  of  tool, 
id  the  maintenance  of  the  wliule  mass  of  tlie  body  at  a  tem-  inguf  t!i ■''"«' j- 
eraturc  above  that  of  the  surroiuidiiig  air.  But  it  is  obWoua  that  pro- 
vision must  Ifc  made  to  prevent  any  undue  rise,  &o  that  between  those 
cauBca  of  elevation  and  these  of  depression  a  due  equilibrium  may  be  main- 
tained. If  a  very  large  quantity  of  combustible  matter,  under  tlie  form  of 
food,  and  aliout  an  equal  weight  of  oxygen,  are  necessarj'  for  obtaining  a 
proper  heat,  we  should  also  recollect  that  nearly  three  quarters  of  a  Ion  of 

water  arc  consuraetl  each  year.     The  duty  which  this  water  „ 

•'  ■'  LacH  of  water. 

disduirges  we  may  next  consider. 

Ttiat  duty  is  twofold.  Ist.  The  removal  of  solid  material  in  a  state 
of  solution ;  and,  2il.  The  production  of  cold  by  evaporation.  It  is  the 
cooluig  ageiiey  which  is  of  inoBt  interest  (o  us  ui  our  present  iuqmry,  but 
a  few  reniarka  tm  regards,  the  removal  of  solid  matter  may  not  here  be 
iitisplaeed. 

1st.  Water,  then,  exerts  its  solvent  power  for  the  removal  of  all  those 
substances  which,  Arising  incessantly  in  the  animal  system,  can  iuboIvmic 
not  nssnme  cither  the  vaporous  or  gaHeOlls  state-  In  this  con-  ]""*'"'- 
iLcion  are  the  difterent  saline  bodie8»  such  as  the  sulphates  wlucli  are  com- 
ing firom  the  destruction  of  the  muscular  tissues,  as  voluiita,iy  and  invol- 
untary motions  are  performed  ;  or  the  plinsphates  which  are  produced  by 
the  destruction  of  cerebral  and  ner\^oiift  matter.  h.\  the  Rarne  condition 
stand  nearly  all  the  nitrogenized  results  of  the  destruction  of  the  soft 
parts,  and  whicli  are  to  a  great  extent  to  be  removed  as  urea.  Water  dis- 
si^lving  with  more  or  les3  facibty  these  \arious  bodies  permits  their  escape 
from  the  system  by  the  secreting  action  of  the  kidneys,  which,  strain- 
ing or  filtering  tlicm  fi-om  the  blood,  dismiss  them  to  the  bladder,  from 
which  they  are  (jcriodically  removed- 

Tlie  skin  is  no  iaefficient  auxiliary  to  the  kidneys  in  effecting  this  re- 
moval of  water  charged  mth  soluble  matters.  All  over  its  surl'aee  are 
sciittered  in  profusion  the  ducts  of  the  perspiratory  glands,  which  consist 
of  a  convoluted  tubing  abundantly  supplied  with  blood-vessels.  The  tinal 
mode  of  action  of  these  glands  depends  on  extraneoua  circumstancea. 
[o3t  commonly  the  fluid  is  carried  away  under  the  form  of  a  vapor  or  in- 
aiblc  perspiration,  but  when  the  secretion  goes  on  more  rapidly,  or  the 
dew-point  of  the  surrouiuliiig  air  is  high,  it  then  accumulates  aa  drops  of 
sweat.     The  amount  of  wnter  thus  removed,  even  by  insensible  perspirar 
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tion,  is  greater  than  might  be  supposed,  yet  it  corresponds  with  the  ex- 
tent ot"  the  provision.  The  lengtli  of  the  water-aecretiiig  tuLing  in  the 
akin  of  a  man  13  about  twenty-eight  miles. 

Thus  hy  the  action  ot*  the  kidneys  and  the  skin  large  quantities  of  wa- 
ter are  dismissed,  either  under  the  liquid  Or  vaporous  tonu,  A  third  o> 
gan  is  concenied  in  this  important  duty.  It  is  the  lungs.  These,  how- 
ever, are  limited  in  their  operation  to  its  exlialaticn  as  vapor  or  steam. 
That  water  abundantly  escapes  from  them  is  plainly  shown  when  the  days 
are  cold,  the  moiBturc  as  it  comes  from  the  respiratory  passages  condense 
ing  into  a  visible  cloud  when  it  encounters  the  ain  It  is  estimated  that 
the  loas  ot"  wiiter  by  the  skin  and  lungs  conjointly  is  about  18  grains  in 
a.  minute,  of  which  1 1  pass  off  from  the  skin  and  7  from  the  lungs.  Mak- 
ing due  allowance  tor  the  variable  action  of  tlie  skin  as  dependent  on  the 
dew-pouit  and  other  such  causes,  we  can  scarcely  sit  down  the  entire 
quantity  at  less  than  1000  pounds  a  year.  In  the  eame  period  tlie  quan- 
tity of  water  lost  as  urine  may  be  taken  at  900  pounds.  It  m.iy  perhaps 
be  remarked,  that  here  wc  are  assuming  a  loss  of  lUOO  pounds,  when  the 
quantity  of  water  annually  taken  is  only  1500  pounds.  But  it  is  to  be 
recoUeeted  tliat  not  only  does  water  form  a  very  prominent  constituent  of 
the  solid  food,  whether  vegetable  or  animal,  l>ut  also  that  much  arises 
from  the  oxidation  of  hydrogen  tn  the  interior  of  the  ayatem, 

2d.  Water  also  exerts  a  cooling  influence,  arising  from  its  evapora- 
Coolinji  infiu-  tion  from  tlie  Burface  of  the  skin  and  the  cells  of  the  lungs. 
eimnt  water,  ff^g  difference  between  water  in  the  state  of  an  inri&ible  va- 
por and  in  the  liquid  condition  consists  in  this,  that  the  vapor  conlaing 
1114  degrees  of  heat  which  the  liquid  doe-9  not.  When,  therefore,  it 
evaporates  from  a  surfiice  of  any  kind,  as  from  the  skin,  it  obtainB  there- 
from that  large  amormt  of  latent  he-at,  and  so  tends  to  cause  the  tempera- 
tore  to  decline.  Not  that  this  ia  the  only  cooling  agency  at  work.  Hn- 
diatioQ  might  also  be  mentioned ;  for.  just  ae  a  wanxi  inorganic  body  cools 
by  tiic  cscfipe  of  radiant  lieat  from  it,  so  too  does  a  living  being. 

These  considerations  explain  how  an  equilibrium  of  temperature  is  ea- 
FquiHijrinmof  tablislied.  By  tlie  process  of  respiration  tliere  is  a  constant 
teftiinmao.  tendency  to  increase  the  heat;  but  hy  eva|M)ration  of  water, 
radiation,  and  other  coolir^  eatisea,  there  is  a  constant  tendency  to  dimin- 
ish it  A  balance  is  struck  between  the  two  processes,  and  in  man  a 
temperature  of  9S  degrees  Is  kept  up. 

This  average  temperature  is,  however,  easily  departed  from.  Through 
some  trivial  cause  the  cooling  ngcncies  may  be  interfered  with,  and  (hen. 
the  heating  processes  getting  the  superiority,  a  high  temperature  or  fe- 
ver comes  on.  Or  the  reverse  may  ensue.  In  Asiatic  cholera,  the  con- 
stitution of  the  blood  is  so  changed  that  its  cells  can  no  longer  carry  ox- 
ygen into  the  system,  the  heat-making  processes  are  put  a  stop  to,  and. 
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the  temperature  decHiiing»  tlje  body  Kiecomea  of  a  marHe  coldness  charac- 
teristic of  that  tenrilile  disease- 

Tlie  aiimial  medianism  is  thus  the  focus  of  mtense  chemical  changes, 
and  preat  quantitiea  of  material  arc  required  in  very  brief  N«»Mit.viifre- 
spaci's  of  time  for  its  support.  "We  liavf  .seen  what  is  the  te'uLIu*"^ 
nse  of  the  combustible  matter  employed  as  food,  what  of  the  wmim. 
water,  what  of  the  air,  how,  these  reactiugon  one  another,  a  Iiigh  but  reg- 
ulated tempei-alure  in  kept  up. 

!Mu<ih  of  wiiat  haa  been  thus  far  said,  has  had  reference  only  to  the  de- 
stniftion  of  tissues.  This  waste  of  matter  arises  for  a  double  reason, 
partly  to  give  origin  to  the  heat  which  animaLi  require,  atid  partly  as  a 
cOnscjupjice  pf  mtclk'ctiial  activity  and  nmstular  motion ;  for  no  move- 
ment can  bo  made  without  a  destruction  of  muscular  fibre,  and  all  iticntal 
and  uer\0U8  actions  imply  the  waste  of  a  certain  quantity  of  vesicular 
substaDcc.  For  this  reason,  niter  an  animal  lias  undergone  Tiolent  mus- 
cular exercise,  the  qmmTitv  of  urua  and  sulpiiuric  ueid  in  tlie  urine  is  in- 
creased, this  being  the  dianne-l  tlu*ough  which  those  results  of  the  de- 
Btmcfinn  of  muscidar  fibre  arc  removed;  or,  after  severe  mental  or  intcl- 
lectna!  duty,  tJiere  is  more  jihosphorie  acid  than  usual  in  the  urine^  be- 
cause of  the  greater  oxidation  of  phosphorus  which  has  taken  place  in 
the  hrahu 

Bul  of  course  this  destruction  of  tissue  must  be  compensated  by  a  re- 
pair il'  a  normal  comhtion  and  health  are  preserved.  The  action  of  the  air 
is  not  directly  upon  the  food,  for  iiitenneihately  and  temporarily  thf^  food 
is  converted  into  the  living  mechanism.  The  dead  material  is  awakened 
into  lite,  and  for  a  time,  though  only  for  a  tims,  becomes  a  portion  of  the 
living  and  feeling  msistj;. 

The  functions  and  actions  we  have  been  considering  imply  the  provi- 
sion of  many  complicated  mechanisms.  There  must  be  means  vnrims  mwh- 
for  effecting  the  introduction  of  the  air ;  these,  m  man,  depend  «nisnis  n-nnted 
on  calling  into  operation  its  pressure.  A  system  of  tubes  is  ^^^,JH^  ^nd  for 
UBcessary  for  its  distribution  to  the  ]x>ints  at  which  it  la  re-  fojinit. 
quired,  said  in  like  manner  a  sysleui  i.3  rcquireiS  for  carrying  away  the 
wasted  products  of  decay.  The  new  material  which  is  destined  to  re- 
place the  parts  which  are  thus  disappearing,  and  to  keep  the  economy  in 
repair,  must  be  submitted  to  euih  processes  of  mechanical  and  chemical 
piCparation  that  it  may  be  disisolvcd  Jn  the  blood,  and  carried  wherex'cr  it 
is  wanted.  It  most  therefore  be  cut  and  crushed  by  teeth  driven  by  pow- 
erful muscles,  dissolved  by  acid  and  alkaline  juices  in  digestive  cavities 
set  apart  for  that  purpose.  From  these  it  must  be  taken  by  arrange* 
ments  wliieh  can  absorb  it  and  carry  it  into  tlie  torrent  of  the  circulation. 
Physical  means  must  be  resorted  to,  not  only  for  the  impulsion  of  lliese 
newly-absorbed  nutririvc  juicea,  but  likewise  to  drive  the  blood  in  its 


^  THE  aoCL. 

ufpMf  MM0  fif  drmlalUMi.  It  10  werflew  ben  to  dwdl  oa  the 
10  mUUfU  \\ut  rAMrt  reAnal  priiKi{des  of  bTdranlics  are  fatoi^ht  into  pin'* 
MMIi  tit  (be  ONUOKr  in  iriddi  fismes  of  compwMion  and  ekstidn' 
If  bow  thai  then  are  tiItm  wUdi  c^pen  only  m  one  -mv 
ill  k'l  f|*r  r)>ff**rt  pMw,  or  bow  socne  of  tbrse,  as  in  the  like  httnun  qon- 
1 .  I     !  'Io«im  in  th«iT  Jiction  br  eorda.     Moreover,  ntK«  it  id 

I    ,  '   '   .tqiiiu]  »]iall  go  iti  seaich  of  its  food,  miisdes  of  kx!o- 

,t,i,it4m.  whiHi  tK-l  apvn  furdv-  roechimiail  fnDciples  on  tlie  hony  ekcle* 
>  '  |«  RHMled  to.  and  so  the  ammal  stroctare  faGoaam  a  most 

r  I  i    ttnd  aoaqdicated  nadone. 

I II  iUiti  rifpud  thtr  hnman  body  may  te  spekiea  of  as  a  nKTe  instnuaair 
fUiHfi  **■  *"  ft?*'^  vUdi  acta  in  acandaDcr  vith  Ae  imndples  of  mc- 
^il  uf  !»•«,  flmiiicAl  and  ehemical  philaaa|iln-f  the  bones  being  levers,  the 
hUfftUYiauittU  b^diaalic  tnfaea,  tbe  80A  paita  genenllj  tbe  seai^  of  osida- 
Ittrti.  Jttil  if  •»';  lin'it  wjr  ^"»ew  to  5tich  a  dcscriptioD.  it  presents  to  us 
imtt  Ut  m  liifMt  aKvi»|4iirtc  luid  nnworthv  aspect.  Tbere  aiumatei^  <^'ff^ 
rtMiUUv  a  aiilf  fffliiiiiiiiiii  and  inuoortal  pruici|>l<r — ^the  sooL  H 

'II^WkJi  ia  (be  moat  mlargal  acceptation  it  would  fall  imder  the  prov- 
liit  tml  U4  **"•  ^if  p'*y*''''''Ey  *o  t**^  of  this  immorlal  principle,  and  to 
MMw*  m4  »»■  cofuider  iti  pownv  and  re-'^ponaibilitiea,  tlicse  constitute  a 
f^VfiJiunnii.  gul^i^  si  oniY  ^^  Ijoondles-s  and  so  important,  that  ihe  phvB- 
j,j....iM«  IK  mfwtruiKd  to  aurreiidw  it  to  the  p^ycholo^sl  and  theologian, 
I'jfre  fw  «««  the  iiTopei'  and  profitable  treatment  of  it  becotuea 
lti»fimrhiAy  iiJVolv»l  with  tbinga  tbal  lie  ont^ide  of  his  domain.  fl 

V<Ht  iiwliT  tlicn:  cLicuiiuttaiicea.  oonaidexuig  the  erer-iucreaaing  control^ 
a  l*itJi  b'.-ii'iJtilic  truth  cxerta  over  the  masses  of  men,  fMmadeiiiig  too  bow 
HMU'h  till?  witlliin!  of  tlie  liitDian  family  dependB  on  the  precision  ancH 
lUintuhiena  of  ita  idjgioaa  views,  it  is  the  dutj'  of  the  phy?iologtet.  if  for 
(Itu  f*Ji£^jiiM  that  have  heen  apcctfinl  he  yields  this  great  subject  to  others, 
to  jaave  no  ambiguity  in  tlie  expression  of  the  conclusion  to  irbich  his 
ftWh  ffCbnu^  brii^gi  hiui.  Kfipfjf ially  in  it  for  Lira,  whenever  tlie  oppor- 
tuuity  ottnw,  to  awMTt  wid  to  uphold  the  doctrine  of  the  oneness,  tlie  im- 
nmftMily,  llui  aucouDtability  of  the  HOal,  and  to  enforce  tho^  pammoant 
tfuiUt  « itii  whatever  cvidutioc  the  stnicture  of  the  body  can  fWiush. 

kin  llii«  nuMon,  lin  can  not  recall  but  with  regret  the  existing  use  of  ^ 
ttmuy  livmUr  '■■'-'>  ^  mind,  Inlellect,  vital  principle,  spirit,  which,  thot 
flwr  Wfff*'  N'  fir*'  doiibllcMit  (inphtyc'I  aa  expressions  of  tho  functions 
miiAUni9  'ft  *l»p  »o«il,  linvf  in  tin;  c(»Hrt»e  of  time  ptthered  other  mt 
Uifil  uiuiuwl  tUn  iKJjjiilar  Uiiini,     They  Imve  bnraght  about  a  oonditic 
(rf'  thMi(i»  Ml  afu-ntp  U'lt  uiilil«'  lliflt  wtiii-h  prevatle*!  in  theologj- 
ibi'  fidnii  <if  iwdydwiBHf.      (j'<*rj*trBiiicd,  perlia[,«s,  himself  by  the  netessilif 
ui  Ui(jftiii((<*  Iji  "*'  iM'iN  I'lini'wi.lojty,  it  ia  for  bim  at  tlie  otitset  to  leai 
lui  (li/iibt  of  tliu  vi«wi*  Im  >!titnr1ain».  and,  0^4  far  as  he  can,  prevent  such' 
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expressions  froTn  frittering  away  the  great  tnith  tlint,  as  there  is  but  one 
God  in  the  uiiivcrse,  so  there  is  Ijut  ont  spirit  in  man. 

On  one  of  tliese  terms,  the  vitnl  princi])le,  1  may  make  &  few  remarks, 
sinue,  lioiD  being  a  mere  expression  of  conYcriience,  it  baa  by  de-  -ihc  vital 
grves  rifen  among  iiliypieiaiL'i  and  physii>If>giBla  to  the  rank  of  l'"»>cii>le. 
dcsi^atiiig'  an  existing  aj^ent,  by  some  ipgarded  as  of  tbo  same  kind  as 
light,  heat,  clootricity,  or  gravitation — nay,  even  sujicrior  to  them,  since  it 
is  its  ppcuiiar  ittfribute  to  bold  thcni  all  in  check.  .VniniBted  by  this  ex- 
iraorJiiiflry  poiver,  organic  substances  arc  siipiioscd  to  witlwland  every 
external  influence,  and  to  gubtiiit  to  pliyslcal  agents  only  after  this  prin- 
cijTle  has  left  tliem.  Such  a  prepoelerous  doctrine  will  not  bear  the 
touch  of  exact  science  for  a  moment.  It  is  only  a  relit-  of  the  old  mela- 
]ihysical  syetcm  of  philosophizing,  which  accepted  a  name  in  lieu  of  an 
eAjtlanatJoii,  «  hieh  preferred  the  dogma  of  the  horror  of  a  vacuum  to  the 
more  i?iniplc  but  material  view  of  the  pressure  of  the  air.  By  the  aid  of 
this  imaginary  principle,  complete  physiologieal  Bystems  have  been  wov- 
en^ in  iviiifdi  evcrj-  act  and  every  condition  of  the  juiimal  economy  la  spon- 
tajieously  cjcplained,  and  nothing  rcmaina  for  solution.  But  by  the  stu- 
dent of  nature.,  "whose  mind  has  l»Gfn  traiiied  in  [Kisitive  science,  the  im- 
jKislure  is  delceted.  lie  sees  at  a  glance  that  this  is  not  the  style  of  the 
(ircat  iVttist-  The  problems  of  oig;aiuzation  are  not  to  be  solved  by  em- 
pirical ficlieines  i  they  reqiure  the  patient  application  of  all  Imponnrn-'iior 
llie  aids  that  can  be  furniphed  by  all  other  branches  oHm- I,',^;^|''^J'' ^!;i^ 
man  knowleilge,  and  even  (hen  the  solution  comes  tardily,  vlogy. 
Yet  there  is  no  cause  for  ua  to  adopt  those  quick  but  visionary  specula- 
liontt,  or  to  despair  of  giving  the  tme  explanation  of  all  phyaiologieai 
(a<"ta.  Since  it  is  given  us  to  know  our  own  existence,  and  be  conscious 
of  oiu"  own  individuiility,  we  may  rest  assured  that  we  have  what  is  in 
reahty  a  far  leas  woiiderful  [wwer,  the  capacity  of  comprehending  all  the 
conditionif  of  our  lile,  God  has  framed  our  understanding  to  grasp  all 
these  things.  For  my  own  part,  1  have  no  pympatiiy  with  those  who 
say  of  this  or  that  physiological  problem,  it  is  above  our  reason,  ily 
faith  in  the  power  of  the  intellect  of  man  is  profound.  Far  from  suppos- 
ing tliat  there  are  many  things  in  the  structure  and  functions  of  the  Iwdy 
which  wo  can  never  comprehend,  I  bcheve  there  is  nothing  in  it  that  we 
shall  not  at  last  explain.  Then,  and  not  till  then,  will  man  be  a  perfect 
nionnment  of  the  wisdom  and  power  of  his  Maker,  a  created  being  know- 
ing his  own  existence,  and  capable  of  explaining  it.  In  the  application 
of  exact  Science  to  iihysiology.  I  look  tor  the  rise  of  that  great  and  noble 
practice  of  medicine  which,  in  a  iuture  age,  wiil  rival  in  precision  the  me- 
chanical engineering  of  my  times.  In  it,  too,  are  my  hopes  of  the  final 
extinction  of  empiricism.  Even  now  this  method  is  attended  with  results 
wiiicii  must  commend  it  to  evert'  thoughitid  mind,  since  it  ia  connecting 
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itself  with  those  great  truths  which  concern  tlie  human  family  most 
closely,  and  is  bringing  into  the  region  of  physical  domonstratiou  theex- 

istpiicc  and  inimortjility  of  the  soul  of  man,  mid  furnishing  conspicuous 
iUustratioiia  of  the  altrihutea  of  God. 


ciLvrTEn  n. 

OF  FOOD. 

TTir  nafHra/ iSiiiSfisHms  of  P6if*ii>hyii. —  (y  Food:  Us  Samrtf  amJ  Cfaas\fieaiitm — itt  Vohnfidt 
alloffrlhrr  ilrjiendm'  on  iU  Caiiifiiitilian. —  OfifiBrj  ttt  Comjianitiun,  and  f'se  of  il%  H''ifw, 
Caaii:,  Saijar,  Bnltrr,  aitd  iS'ilAa. —  ViiriitioH*  in  lAr  Cmnpoaitioii  of  MUtc- — Of  Brrtid. — fj^ 
rmsed  Iticfa. —  0/  the  rtuhtifutiii':  Faoii  0/  iiirds. — Xilrilioa  0/'  Mriin-arrnis  iiad  Itcrlniiirout 
AnltartU.'^Foad  formed  ity  I'liiata  and  dtalrfii/td  hi)  AuunaU. —  U*tt  ^ruLiut  Food  and  Cuvi' 
unp. — AliKitiiie  Athonnl  itf  Ftnod, 

Physiolooy  poRSOBScs  a  verj-  great  advantage  over  many  other  sciences 
SuMivisioMof  in  offering  its  leading  problems  and  doclrines  in  a  certain 
phvaioichey.  well-marked  order  or  aef[uence,  a  connected  whole,  with  only 
here  and  there  points  of  digression,  hut  those  points  otiten  of  very  striking 
interest.  Thus  pursuing  the  train  of  reflections  entered  on  in  the  pre- 
ceding chapter,  we  should  have  to  consider  the  nature  of  the  tbod,  the 
manner  of  its  preparation  by  the  process  of  digestion,  the  mechanisni  by 
whicli  it  is  taken  up  from  the  cavities  in  wliicli  it  has  been  so  prepared, 
and  that  by  wliicli  it  is  dii^triljuled  to  everj*  part.  We  should  have  to 
show  the  way  in  which  it  becomes  bicorporated  as  a  portion  of  tlie  lining 
mass,  its  duration  in  that  condition,  aiid  t!ie  manner  of  its  decay.  We 
should  have  to  show  by  what  physical  means  and  through  what  mecha- 
nism  Xh^  air  is  introduced  to  effect  the  destruction  of  the  dying  part*",  and 
how,  as  the  consefiuence  of  tlils,  n  fixed  temjieratnre  is  maiiil»iiied-  The 
causes  wlueh  lead  to  variations  of  this  temperature.,  and  the  majiner  in 
which  the  wasted  products  are  removed  by  the  fikln,  the  lungs,  the  kid- 
neys, might  next  obtain  our  attention.  The  complicated  machinefy  nec- 
essary to  accomplish  all  these  purposes  requiree  to  be  made  to  act  in  uni- 
son in  all  its  different  parts,  a  condition  which  introduces  to  us  the  nerv-J 
ous  system.  A  consideration  of  the  simcture  suid  gradual  development 
of  this  system  leads  to  the  structure  of  the  various  organs  of  sense,  and 
to  the  oiwrations  of  the  intellectual  principle  itself,  Thtis  in  successic 
We  should  have  to  treat  of  digesllon,  absorpliDti,  circulation,  respiration, 
secretion,  nutrition,  and  innen-atioa,  and  to  close  the  whole  with  tlie  con- 
sideration of  reproduction.  Tliis  ts  the  order  which  I  propose  to  follow, 
and  ahall  devote  this  chapter  to  the  nature  and  qualities  of  the  food. 
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The  supply  of  food  to  animaU  requires  a  more  complicated  provision 
than  it  does  to  plants,  in  wiiicli  tlio.  elalxirating  organs,  the  g^^rcegeffood 
leaves,  presenting'  themsch'ts  supcrfitrially,  are  always  iii  farBnimolaand 
contact  with  the  air,  from  which  Bnuch  of  their  nutrition  is  '^  *""" 
derived.  And  as  one  portion  after  another  becomes  cxhau.*ite<3i  it  is  t^ 
newed  "by  simple  mechaiLic;d  agoncie.*,  such  as  the  trembling  of  the  leaf, 
the  warintli  of  the  sun,  or  the  wTiids. 

Food,  therefore,  come«  fipontam^ously  to  plants,  which  nwd  no  powers 
of  locomotion.  And  though,  ad  we  shall  hereafter  lind^  muscular  mov&- 
tiicnt  requires  as  its  essential  condition  the  waste  of  tiasae,  it  is  not  nec- 
essary for  their  nutrition  tliiit  plants  should  destroy  organized  suhattmce. 
But  an  animal  must  seek  its  tlwd,  and  for  thia  purpose  is  endowed  with 
locomotion,  inrolving  the  destruction  of  tissue.  In  a  chemical  iwint  of 
view,  plaiii3  are  organising,  and  animals  destroying'  machines.  Nor  is 
ihis  general  assertion  controverted  by  the  apjiarent  exceptions  which  are 
here  and  there  presented,  as,  for  example,  that  the  herbivora  can  form 
sugar  and  fat  from  food  in  which  those  subalances  did  not  pre-esiat,  and 
the  salta  of  the  hitiary  acids,  which  are  never  found  in  plants. 

To  obtain  for  animals  the  necessary  supply  of  nutriment,  the  rcsourcea 
of  nature  are  displayed  in  the  most  wonderful  contrivances.  According 
as  their  modes  of  life  may  be,  one  takes  its  food  with  its  teeth,  another 
with  its  lips,  another  with  ita  fore  member,  another  winds  around  it  its 
whole  body.  The  geometrical  spider  weaves  a  net,  and  lies  in  wait  for 
Ilia  prey;  the  ant  lion  digs  a  pit  in  the  sand.  Some  rely  upon  labor, 
some  njKjn  force,  Bomc  upon  fraud.     Man  depends  upon  alL 

Viewed  as  regards  its  physiological  distinction,  the  food  is  generally 
considered  as  of  two  kinds:  Ilistogenctic  or  tissue-makings  and  ctMsification 
Calorifactcnt  or  heat-making,  llistogenetic  food  funiialies  the  "f  '""'^  '""• 
cheroJCJil  substances— carbon, bydrogen.oxygen, nitrogen, sul-  ^^a  caJwrift- 
phur,  chlorine,  phosphorus,  iron,  potash,  soda,  lin]e,&c.  Ca-  ^'"'*- 
lorifacient  food  furnisJies  carbon  and  hydrogen  mainly.  In  consequence 
of  thia  chemical  constitution,  tissue^making  food  is  sometimes  called  ni- 
trogenized,  and  heat-making  non-nitrogenized  food.  The  former  ia  also 
floinelinies  designated  nutritive,  and  the  latter  respiratory. 

It  is,  however,  to  be  distinctly  understood  that  these  divigjona  are  only 
adopted  for  the  sake  of  convenience,  and  that  they  have  no  natural  foun- 
dation. Thus  it  will  be  found,  when  iro  examine  the  functions  which 
the  jats  discharge,  that  though  they  are  non-nitrogenized  bodies,  and  are, 
therefore,  considered  as  belonging  to  the  class  of  respiratory  food,  there 
is  every  reason  to  believe  that  they  are  essentially  necessary  to  tissue 
development,  and  that  the  nietamorp hoses  of  nitrogcntzed  bodies  can 
only  go  on  in  their  presence.  They  are,  therefore,  as  truly  essential  to 
nutrition  as  are  the  latter  substances. 
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So,  too,  as  respcctB  the  albumenoid  bodies,  of  which  it  wouM  be  incor- 
i-ftct  to  epcuk  as.  though  thcj  were  limited  to  nutrition-  In  their  decay 
or  <3e8c;emlijig  mctamorpliosis  in  the  organising  they  give  rise  to  the  evo- 
lution of  licat,  and  are  at  last  dismisHcd  under  the  aspect  of  products  of 
oxidation.  They  are,  tJierefote,  as  far  as  thia  goea,  as  much  respiratory 
food  HB  arc  the  fats  tJ]  era  selves, 

OthwriMiifl-        Perhaps  the  niost  convenient  subdivision  of  food  articles 
«Hkiu  of  load,  ^g  presented  in  the  foar  following  groups : 

1st.  Carbohydrates,  or  compounds  in  which  carbon  13  united  with 
liydrogcn  and  OJtygen,  their  proportion  being  that  for  forming  water. 
Starch,  sugar,  gum,  cellulose,  are  examples. 

2d.  Ilydrocarbons,  Cotnpounda  ccmtaining  unoxidized  hydrogen. 
The  oils,  ft'Sf  and  alcohol,  arc  examples. 

3d.  Albomenoid  bodies.  These  contain  nitrogen.  Albumen,  fibrin, 
casein,  are  examples. 

4fh.  Salts-  Any  classification  of  food  articleg  which  does  not  con- 
tain this  gronp  '^  irai>erfcct;  for  sails  are  not  ordy  absolutely  essential 
|n  of'^fiic  processes,  but  also  to  the  construction  of  many  tisanes.  As 
jin  example  of  the  fornier  ease,  the  chloride  of  sodium  jnay  be  mentioned; 
and  of  the  latter,  the  phosphate  of  lime. 

It  has  been  supposed  that  the  tipsiie-making  power  of  any  kind  of 
food  depends  on  the  quantity  of  nitrogen  it  contains,  and 

that  its  value  may  therefore  be  determined  by  chemical  anal- 

J^wjt"'^''  y^'^  Upon  this  principle  tables  have  been  constructed, 
iloo.  allowing  the  agricultural  worth  of  different  articles  of  forage 

for  domestic  nnimaU.  IJut,  as  will  be  found  hereafter,  when  we  consider 
ihc  phyaiologif^^l  effect  of  the  allotropism  of  bodies,  these  tables  are  not  of 
ihe  use  fliipposed,  Without  entering  into  details  at  presentj  the  case  of 
■mtatin  may  \x'  lakcri  ua  an  extimple;  ihii),  though  a  Hubstani^  aboiuiding 
in  nitiogeo,  poBHcaBca  no  tissuo-niaking  value,  but  in  reahly  Wongs  to  tlie 
caiorilneienl  rhiHH.  mid  ihcri'rore  its  administration  in  the  sick-room,  under 
the  viuioU'"  well-known  fonrtft  of  jclliea,  soups,  etc.,  is  allogether  deceptive 
(Ui  n'K'irdu  any  nutritive  jjower,  since  it  undergoes  si)eody  oxidation  in 
the  *V(iti'ni.  and  (he  products  of  its  cliange  escape  by  the  kidneys  and  the 
hiniii"-  '''"'  ^"'i"'"'  '^f  ^^'^  '"  '"^'  ^^y  dependent  on  llic  occurrence  of 
rcrtaiii  cheniiciil  rh-niciits ;  they  iimet  also  be  present  in  certain  allotropic 

«tat4'ji. 

Tlin  Btmw  ri'uiark  iippheH  to  the  tables  which  have  been  constructed, 
iiihowiiiK  ll'**  nmounl  ctf  mloric  funii-^hcd  by  different  varieties  tif  hp«t- 
,  mi-klng  food.  The  quantity  of  heat  set  free  during  tlie  eombustion  of  u 
jliuUiii">«'  tlopnid*  not  only  uii  the  nature  of  the  clement.'*  composing  it, 
'InilaUooii  tlir  ]Jiirlinikn«tiitc8  In  which  they  occur.  Combusiiblea  may 
iro  iho  HHiiio  chcinicfti  i-omiMtpition,  but  very  *Uffcrent  heating  power. 


COMPOSITION   OF    MILK. 

Food  wlitch  is  typically  perfect,  is  presented  by  natnre  to  the  young 
of  various  animals.  In  milk,  or  in  the  egg.  we  shotild  ex-  j[ii)(nRM,arii- 
pecl  to  find  whatever  is  necessary  for  the  growth  of  the  tis-  '^'■i'  orruod:  lu 
sues,  and  for  the  performance  of  the  functions.  An  exam- 
ination of  milk  will  therefore  illustrate  the  essential  characters  of  thq 
different  elements  of  food. 

CiiMporiliim  ofMOk. 

Water ,-  STfl. 

Cimein +8. 

Siijiur  (if  milk 44. 

Butter 30. 

Phris|,!inE«  of  linw;..... 3.80 

Olber  salts g.TO 

lOOO.OO 

In  this  we  notice,  first,  the  large  proportion  of  water  present,  aliooeE 
nine  tenths  of  the  whole  amount.  The  douUe  duty  of  this  Thow^tor  g/ 
water  has  already  been  mentioned,  to  remove  fi"ora  the  ays-  "'"^■ 
tem  eftbte  substances  wiiieh  are  not  of  a  vaporous  or  gaseous  form,  and 
which  can  not  cscajw  through  the  lungs,  and  to  regulate  the  tem^ieratnre 
by  evaporation.  We  might  have  added  to  these  that  it  imparts  a  doe 
fluidity  to  the  blood.  These  arc  conditions  aa  necessary  to  the  infant 
as  to  the  adult,  and  it  siiould  be  remembered  that  two  tliirds  of  tht 
weight  of  the  body  are  water. 

Nej:t  follows  the  nitrogcnized  principle  casein,  wliich  is  closely  re- 
lated in  coniposilion  to  muscular  flesh.  It  is  the  tisaue-mak-  The  casein  of 
ing,  hislogenctic,  or  nutritive  element  of  the  milk,  and  has  been  '"'"'- 
claboralcd  from  liie  albumenoid  substances  of  the  mother's  syatera.  It 
is  to  be  converted  into  the  muscular,  gelatinous,  and  other  soft  tissues  of 
the  infant. 

Casein  is  one  of  a  group  designated  as  the  neutral  nitrogenizcd  bodies, 
of  which  some  of  the  more  prominent  arc  albumen,  fibrin,  x.iiuwofpro- 
and  globulin,  Ytoui  an  opinion  that  these  all  contain  the  ^"^  Iradie*. 
same  organic  radical,  they  are  often  termed  the  protein  bodies.  They 
appear  to  esiat  in  two  different  physical  conditions,  soluble  and  insolu- 
ble in  water;  they  all  contain  sulphur,  and  exhibit  a  proneness  to  paaa 
into  the  putrefactive  fermentation.  As  this  takes  place  when  thoy  have 
reached  a  certain  stage  of  decay,  they  act  upon  other  bodica  as  ferments. 
Tlicir  constitution  Is  teprcsenicd  in  common  by  the  fonnula 

C,e  H,  O,,  %. 
Of  the  whole  group,  albumen  inay  he  taken  as  the  ti-pe  and  moat  import- 
ant member.     Indeed,  as  will  he  found  hereafter,  in  the  process 
of  digestion  the  others  are  invariably  converted  into  it.     The 
nliite  of  the  egjj  and  the  Berum  of  the  blood  are  usually  referred  to  aa 
examples  of  albumen,  though  tliey  differ  in  several  particulars  from  one 
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another.  .'Vlbumen  forms  basic,  tieiilTal,  and  acid  compounds.  It  is  a 
basic  all>aminBte  of  soda  ■which  is  fotmd  in  the  egg  and  in  strum  of 

blood.  In  certain  diseased  conditioua  the  blood  conlwns  the  neutral  al- 
buminate. 

Casein  pre^^enta  nearly  the  same  constitution  as  albumen,  but  diilei^ 
.  from  it  in  il3  physical  properties;  for,  while  a  solution  of  albumen 
is  coagiilablc  by  Jieal.  onii  of  casein  is  not,  but  lactic  aud  acetic 
ncids  coa^ate  it,  though  they  have  no  such  effect  on  albumen.  While, 
so  far  as  their  protein  nucleus  ia  concerned,  the  two  substaucea  Agree  in 
composition,  they  differ  in  this  respect,  that  casein  appears  to  contain  a 
Ie&8  proportion  of  sulphur,  and  no  plioxpboruiS,  It  is  interesting  to  re- 
mark lliat,  during  incubation,  casein  arises  from  albumen  in  the  ^gs  of 
birds. 

Closely  allied  to  albumen  and  casein,  and  having  the  same  protein  nu- 
cleus, IB  fibrin,  which  likewise  exists  in  two  states,  eoluble  and 
inaoluble.  Its  solidification  or  coagulation  can  be  produced  by 
the  action  of  suljihuric  ether,  wliicli  does  not  affect  albumen.  Moreover, 
in  the  coagulated  state  fibrin  dccom]joses  the  deutoxidc  of  hydrogen, 
bnt  allnunen  r[oc3  not.  The  moat  important  diffci-cncc  Ijctwecn  thetn  ig, 
that  in  the  act  ot'coagnlation  ntbumen  shows  no  disposition  to  assume  a 
ddinite  structure,  but  tibrin  does — fibrillating,  as  it  is  termed.  The 
analogy  of  conatitntion  and  closeness  of  relation  of  the  two  substances  is 
demonstrated  by  the  fact  that  by  nitrate  of  p<jlash  coagulated  fibrin  may 
be  changed  into  albumen,  and  the  same  conversion  is  accomplished  in  tlie 
Stomach  by  the  digestive  juices* 

It  is  generally  supposed,  however,  that  fibrin  contains  a  larger  pro- 
portion of  oxygen  than  albumen,  a  conclusion  which  seems  to  be  confirm- 
ed by  physiological  consitlerations  tcapeciing  its  origin.  For  this  reason, 
Midder  describes  it  as  a  liigher  oxide  of  his  h}'pothetical  protein.  It  aU 
ways  ia  associated  with  fat,  or,  jwrliapa  more  correctly,  with  soaps  of 
ammonia  and  lime. 

Fibrin  is  found  in  the  chyle,  lymph,  and  blood.  In  the  latter  fluid 
its  quantity  varies  in  different  parts  of  the  circulation.  The  blood  of  the 
portal  vein  yields  it  in  smaller  proportion  than  that  of  the  juj^dar.  It  is 
also  affected  very  much  by  diet :  thug  lichmann  found  that  under  an  ani- 
mal diet  there  was  much  more  fibrin  in  his  blood  than  under  a  vegeta- 
ble one,  a  result  which  has  t»een  confirmed  by  experiments  on  dogs.  If 
had  also  Iwcn  obeeneil  tliat  ita  quantity  is  increased  during  starvation. 
Jlut  the  blow!  of  herbivorous  animals  contains  more  than  tliat  of  carnivO' 
rcniB  ones,  and  that  of  liirds  contains  the  most  of  all. 

These  rrnmrks  on  the  conipositicin  and  physical  propcrries  of  casein. 
dlfDineDt  aiid  fibrin,  have  been  tntroilnced  for  the  purpose  of  illustrating 
tbe  fHciUly  with  which  theac  bodies  are  mutually  (xtnvertiblc,  and  more 
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particularly  for  sliowTjig  tliat  there  is  nothing  wliatever  myatearious  In 
the  cas-ein  or  curd  of  milk  arising  from  the  iilbuminous  aerinn  of  tlie 
mntlier'a  biood,  aud  being-  triiiia runted  iiito  tbc  tibrin  structure  of  the 
miisciilar  tissues  of  the  infant. 

lietTiming  now  to  our  examination  of  the  composition  of  milk,  as  set 
forth  in  the  preceding  tabic,  we  tind  that  two  respiratory  el-  The  sugar  and 
emejita  are  next  upon  the  Hat:  lat.  Sugar  of  inilk,  wliich  ia  ^"i""  of  milk, 
to  be  Converted  into  lactic  aciiJ,  pai-tly  by  the  agency  of  tiie  saliva,  and 
chietiy  in  intestinal  digestion;  2d.  liutter,  wliicU  is  the  oleaginoua  or 
fatty  portion,  antl  of  wliicU  a  part  is  to  be  deposited  in  the  adipose  tis- 
sues for  a  time  of  neejl,.  ami  a  jiart,  along  with  the  lactic  acid  andexcees 
of  sugar,  is  to  be  burned  at  once  lor  the  production  of  heat. 

The  inorganic  body,  phosphate  of  Ume,  is  necessary  for  the  earthy  por- 
tion ofthe  skeleton,  and  probablv  the  reason  of  the  introduction  ^      .     . 

_  .  .  1  ■       ,'  .  Tip  saltB  of 

of  caseni,  to  the  escbtsioii  oi  other  protein  compounds,  dependai  wilh.  iwrUcit- 
on  the  power  it  possesses  of  holding  phosphate  of  lime  in  aolu-  "''^A  '""T 
tion,  not  less  tJian  6  per  cent,  of  its  weight  of  thia  earthy  body  cliloreiJeofBo- 
being  often  obtainable  from  it.  Among  the  otiier  salta  of  '"'"" 
the  milk,  cldoride  of  aodiiun  may  be  [xjinted  out  as  of  special  irafKirtanee. 
It  undergoes  decomposition  in  the  system  of  the  infant,  its  hydrochloric 
d  ginng  acidity  to  the  gastric  juice,  its  soda  entering  into  tlte  coropo- 
ition  of  the  bile  and  various  salivarj'  secretions.  It  also  imparts  solu- 
bility to  albumen,  and,  in  some  degree,  re.gulates  the  facility  with  wliich 
that  substance  coagulates.      It  impedes  the  coagulation  of  fibrin. 

Milk  is  not  a  chemical  compound,  hut  a  variable  mixture  of  different 
ingredients,  which,  under  2)roper  circumstances,  may  be  eepa-  Making  of 
rated.  When  the  fluid  is  allowed  to  rest  for  some  houra  at  tlie  !'""«*'■ 
ordinary  temppraturc,  the  fat-globules  rise  to  the  surface  aa  cream,  which, 
submitted  to  a  strong  agitation  with  air  in  the  process  of  churning,  forms 
butter. 

The  casein  of  milk  can  be  readily  coagulated  by  rennet  (which  is  the 
mucous  membrane  of  the  stomach  of  the  calf)  at  a  temperature  Makingof 
120°.  If  parted  from  the  residual  whey,  mixed  with  a  little  '^'""^^■ 
t  and  yellow  colorirtg  matter,  and  subjected  to  the  action  of  a  suitable 
press,  it  is  formed  into  cheese.  No  better  examples  of  the  tissue-mak- 
ing and  heat-making  elements  of  food  can  be  offered  than  cheese  and 
butter  respectively. 

When  milk  is  exposed  to  the  air,  its  sugar,  under  the  influence  of  the 
lasein  or  ciu-d.  gradually  disappears,  turning  into  lactic  acid,  Lanic  orfd  in 
and  the  nnlk  becomes  sour.  The  composition  of  sugar  and  w>"n'iUc 
lactic  acid  is  such,  that  we  miglit,  mthout  much  error,  say  that  an  atom 
of  sugar  symmetricaliy  bisected  will  yield  two  atoms  of  lactic  acid^  This 
effect  is  produced  by  the  casein  commencing  to  pass  into  a  state  of  de- 
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csj  under  tho  inflneoce  of  the  atroospheiic  air.  It  is  likewise  produced 
during  digestion  faj  the  saliva^  and  also  bj  the  pancreatic  juice.  The 
turning  aour  of  milk  on  the  stomach  is  doe  to  the  transmatation  of  its 
BDgar  into  lactic  acid. 

An  itiiant  titida  in  ita  mother's  milk  whatever  it  traats  for  the  growth 
Pbj-^loicical  of  its  own  Wly.  In  its  Eystem  the  curd  resumes  the  ibnn 
■Ma  of  milk,  of  alLumen,  or  passes  into  the  couditiou  of  fibrin  or  syntonin, 
and  in  this  maoner  it»  muscular  and  gelatinous  tissues  are  made.  The 
butter  is  deposited  in  the  adipose  pells^  or  burned  at  once  for  tiic  pro- 
duclion  of  animal  heal,  a  part  of  it,  however,  being  incidentally  constimed* 
as  will  be  liercafler  explained^  in  the  fabrication  of  fibrin  and  for  other 
hiatogcnetic  purposes.  The  phosphate  of  lime  is  carried  to  the  osseous 
aj^iem,  now  tn  a  i^late  of  rapid  increase,  and  bone  is  formed  from  it. 

But  though  milk  is  so  well  adapted  to  the  wants  of  infantile  life*  it  is 
unsuiled  to  the  adult.  Its  nitrogenized  principle,  casein,  thoogh  in  suf' 
ficicnt  quantity  for  the  repair  of  muflcular  waste  and  development  at  the 
former  period,  ia  inadequate  to  these  purposes  at  the  latter,  when  de- 
struction, arising  from  the  incessant  activity  of  the  museulnr  system,  is 
y  .  ..  .  BO  greatly  increased.  It  is  interesting  to  remark  how  the 
or  milk  tar  iiif-  comjiosition  of  milk  is  modified  when  there  is  a  necessity  to 
rcnipn  ntd*.  j^j^^j  thcsc  indications,  its  tiitrogenized  principle  being  inr- 
creaeed  in  the  case  of  animals  such  as  the  cow  and  liorsen,  the  yoting 
of  which  commence  locomotion  almost  at  birth,  or  at  a  far  earlier  period 
that!  tho  human  infant.  Tins  excess  of  casein  is  necesenry  for  the  re- 
pair of  the  resulting  waste. 
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This  {able  presents  an  explanntion  of  the  unsuitaUencss  which  is 
sometimes  remarked  in  the  milk  of  the  cow  when  used  for  the  nourish- 
ment oi'  clilldrcn.  JUlk  which  is  adapted  to  the  wants  of  the  calf  is  not 
lidaptcd  to  the  functional  wants  of  the  child.  Experienco  has  tnught  the 
nun<c  that  these  difticuliieB  may  in  part  lie  removed  by  diluting  it  with 
water  and  swoetening  it  with  sagar,  the  effect  of  this  being  to  reduce  the 
j>prri.'ntiige  of  the  nitmgcnized  clement,  the  Cftsein,  and  to  increase  that  of 
the  respiratoiQ.',  and  so  approximate  the  composition  more  dosely  to  tliat 
of  human  milk. 

Moreover,  nidk  is  not  suitable  ns  the  sole  nourishment  of  adult  life, 
since  it  doe.t  not  contnln  in  Kutlident  quantity  tliOL^e  plio^phorizcd  eom- 
po»ndn  wliicli  aiT  ncccaaary  for  the  rei>air  of  the  wasle  of  tho  cerebral  and 
nervous  tiasuca,  which  at  this  pcriixl  are  much  more  active  than  in  infancy. 
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Variations  in  the  composition  of  milk  trotn  its  normal  atandurd  are  ob- 
served to  dej)enU  upon  age  and  bodily  health.     Young  1e-  influence  of 
males,  iVom  til'tcen  to  twenty,  yield  a  rnilk  more  rich  in  sol-  o*\heMmBfr^ 
ida  than  that  which  is  given  at  tliJrty-Jive  ot  forty,     Gcst^-  aiiion  of  milk, 
tion  at  a  late  period  increases  the  solid  portions.     The  following  tabic 
of  Vemoia  and  CecquercL  illustrulee  the  influence  of  disease : 

/^Mftw  ofDiifiueon  the  Coaxtihitian  o^  J/iif-, 


In  ni-Mb. 

ArUID    DiKUliC 

^.llinMile  1pIm««i, 

Casein  jinJ  exttiftClirc... 
Sugar 

£89  .OB 
31L24 
4;ifi4 
2GM 

BM.OL 
£0.40 
3.1.10 

1.73 

88,^.50 

37.06 

32M 
IJiO 

1000.00 

HMHKOO 

1000.00 

From  tliia  consideration  of  the  niiture  and  properties,  of  the  food  of  in- 
faoicy,  we  may  pass  to  the  eixamination  of  tliat  of  the  mature  jicriod. 

Espcrienee  has  shown  that,  of  all  articles  of  food,  bread  made  from 
wheaten  flour  meets  best  the  requirement  a  of  the  adult  Ufc  of 
ni»n.     It  seems  to  cnnlam  all  that  is  necessaiy  to^r  support.     A 
vety  simjile  analysis  wUl  show  how  it  presents  both  the  respiratory  and 
nutritive  elements. 

If  Bucli  flour  be  made  into  a  paste  with  water,  and  be  gradually  washed 
with  a  (arger  quantity,  an  elastic  coherent  nia.?a  ia  Icl't,  and  ^KaminBtion 
the  water  assinnes  a  milky  turbidity..     After  a  time  it  be-  !i,],^"„t ^nj  ^,f 
comes  clear,  through  the  settling  of  a  white  precipitate,  which  oiiier  graJiw. 
is  atarcli.  the  leading  member  of  the  respiratory  group.     The  elastic  sub- 
stance is  gluten,  which  is  a  true  vegetable  filirin^  Tnixed  with  another 
rtitrogenizod  body,  gliadine,  wliich  may  be  removed,  along  wttli  a  certain 
qnanltty  of  oil,  by  washing  with  other  and  alcohol, 

Thus,  Bimply  by  washing  in  water,  flour  may  be  separated  into  two 
phyaiological  elements,  respiratory  and  nutritive,  the  former  being  the 
Jtarch,  and  tlic  latter  the  gluten.  The  relative  quaatity  of  lliese  finhatan- 
CfiB  difl'era  in  ditferent  samples  of  flour,  and,  other  things  being  eijual,  thie 
grenter  tlie  amount  of  gluten  the  more  valuable  tlie  earaple,  because  the 
more  nutritious.  It  is  interesting  to  remark  that  the  liquid  from  which 
the  starch  has  settled,  if  brouglit  to  the  boiling  point,  becomes  turbid 
again,  from  the  coagulation  of  the  vegetable  albumen  it  tontahia. 

Other  grains,  treated  in  the  same  manner,  yield  sinular  results.  The 
Bout  of  barley  and  of  the  oat,  when  washed  with  water,  do  not,  however, 
yield  ghilen.  Imt  a  pure  fibrin,  with  a  separation  of  stiurtlt. 

The  tabrin  occuiTing  in  these  grams  is  replaced  in  other  nutritious 
seeds,  audi  as  peas  and  bc-ans,  by  legumin,  which,  Hke  the  casein  of  milk, 
does  not  coagulate  by  boiling,  but  merely  forms  tenacious  skins  as  it  ia 
evaporated.      Tiicsc  may  be  removed  by  skimming.      This  substance,. 
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wliiiilt  iitmenlii  many  analogies  to  casein,  is  coagulablt^  by  acetic  add 
«l(fl  hIujIimI,  anrif  if  mixed  wilh  siigMr^  turns  curdy,  and  becomes  boot 
ffiiUi  ill*-  [ih-sM-nc*!  of  lactic  acid.  It  differs  from  casein  in  not  dissolving 
\n  uuf'vMttiWAl  acetic  acid,  and,  when  pi'Mipitated  by  an  acid,  being  un- 
MttMl  un  by  rjirbonate  of  Hnie.     It  is,  howerer,  coagulated  by  rennet, 

Tliita,  wIk'II  WLi  use  bread  made  of  any  of  the  common  varieties  of  floor, 
wii  IJiid  III  ir  IjKtIli  kinds  of  food,  the  respiratory  and  nutritive — the  former 
iM  nturch,  Diid  the  latter  as  fibrin. 

Hut  ('ivili/.4'il  man  has  greatly  improved  on  the  simple  diet  which  Na- 
|f»mflMiiiiir  '•'"'  furnishes,  tuitl,  wiflnntt  knowing  the  immediate  or  phiio- 
UN  Unul  Bophieal  reason,  lias  added  articles  which  increase  the  respira- 
|(«ry  ijriiunit.  The  proverb  says,  "It  is  good  to  have  bread,  but  it  is 
liuKrr  to  hiivc  bread  and  butter."     Let  us  examine  why  it  13  so. 

Wfifutrn  flour,  in  its  relations  to  the  animal  system,  is  defective  in  one 
|i(iilit  -iU  n.'«]nratory  elemcul,  the  st;irch.  Now  tlic  constitution  of  starch 
IM,  Ehut  ill  ilH  dry  etule  it  contain.s  mudi  more  than  lialf  \tn  weight  of  wn- 
Inr,  iidUii  i»f  it&  hydn:)gcn.  Iwing  free,  but  all  oxidized.  It  ia,  therefore, 
iiuiiy  by  fhe  use  of  very  considerable  r|Liantitie8  of  bread  tliat  the  iicceg- 
HBry  aiJioiint  of  reapinitory  food  can  be  had  for  kcrping  up  the  tempera- 
turi'  lo  lb*'  proper  dc^ee.  But  if  butter  Iw^  put  upon  the  bread+  the  ertcct 
in  ditri-n-nt.  In  common  with  alt  oleaginous  bodies,  butter  contains  on 
KMv^nH  frf'  liydrogi?n,  and  therdbro,  under  the  same  weight,  possossea  a 
ffjy  high  heating  power.  The  defect  of  the  flour  is  thus  coni|»eiisattHi, 
ttiid  hy  tliB  use  of  quite  a  moderate  quantity  a  high  tcmircrature  can  Ixt 
iiiuiiitainefl. 

It  waiitd  lie.  very  interealing  to  examine  in  this  way  the  physiological 
rc-lfitionB  of  the  diets  adopted  by  communities  of  mcn^  and  the  great 
rhjiii^'H  which,  at  quite  a  recent  period,  have  taken  place  through  the  in- 
liodimtion  of  tea,  coft'ee,  mid  chocolafe  on  an  extensive  scale  among  civ- 
iliiicd  nations.  iJefore  the  discovery  of  the  passage  to  the  East  by  the 
( Irtiic  uf  <iOod  Hope,  and  Ihc.  establishment  of  direct  comnifrcial  relntions 
Im'Iwitij  Western  Kiirope  and  China,  llic  general  diet  of  the  agricultural 
«rln»«'a  conaistetl  chicHy  of  the  common  products  of  the  fami  and  sul*- 
11/ i.iUwl'11-  Hiaucefl  niadilv  obtained  in  domestic  economy^such  as  bread, 
T^ltl'lnd"'  "^"'^  fhecse^  and  hwr.  In  a  theoretical  point  of  view,  we  can. 
ifw>f.  '  ncarccly  conceive  of  A  diet  more  conducive  to  the  sustenance  1 

tff  (bii'  UkIiIv  frame.  Tlie  constitution  of  wheat  flonr  shows  that  it  con- 
iMJlia  ihc  idi-nuTils  necessary  for  life  ;  and  cheese,  which  may  he  regirded 
M  llf  |trp*cn'f«l  curd  of  milk,  is  an  excellent  flcsh-prodacing  body,  the 
AHMiin  of  which  it  c-onsiHtB  Ix-ing  readily  convertible  into  muscle-fibrin. 
'Mil'  c'uninnri  tiult  used  in  its  preparation  promotes  the  function  of  digca- 
tff'U.  )'r  frtniiiihing  hydrochloric!  acid  and  soda.  In  addition,  there  are 
mUh  III  (he  \n'A-r,  ail  alcoholic  and  intoxicating  liquid,  all  the  advantagiv 
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of  ft  lu|^l^  cornbiislible  hoiy  for  the  purposes  of  respiratii^n.  Wbatever, 
therefore,  is  requiHile  for  the  well-being  of  the  ftiiimd.  economy  ia  present 
in  abundance  im  sucli  a  diet. 

From  an  examination  of  the  cliet-Hcales  of  the  educational  and  invalid 
establtshmipnta  nf  London,  the  priaona  and  the  hospitjils,  Bcnek^  obtains 
the  result  that  ttio  nitrogeiiized  shoidd  be  to  tine  non-mtrogenized  fond  in 
-weight  as  one  to  tiva  From  other  data.  Frericha  calculates  Batioor  niwo- 
tliat  the  diuTnal  consumption  should  be  2.17  oz.  avoLi'du[>oi8  i^'^"!ni,rouen- 
of  nitrogeidKcd,  and  lo.54  oz.  avoirdupois  of  non-nitrogen-  ized  food. 
ized  food,  that  ie,  about  as  one  to  seven,  "Whatever  is  taken  more  than 
this  is  pujwrfluoup. 

The  peculiar  advantages  arising'  from  the  npe  of  casein,  which  in  a  eolu- 
hle  form  posRC3ac9  tiie  quality  of  dissolving  large  quantitiea  of  phosphate 
of  lime,  unque^iionably  determine  its  employmrar  as  a  cnnstitiient  of 
milk.  But  there  are  circuinstancea  under  which  a  neeeaaity  arises  for 
the  use  of  other  nitrogenizcd  compoundfi,  such  as  albumen,  in  early  nu- 
trition ;  and  then  it  is  remarkable  by  what  indirect  methods  the  difficulty 
of  its  want  of  solvent  |>oiver  over  that  earthy  body  is  c.cm|)cnRated  for. 
The  foetid  period  of  the  life  of  birds  ttiriiishcs  an  example.  In  the  egg; 
there  is,  of  course,  whatever  is  wanted  for  the  development  Pevoiupment 
of  the  young  animal ;  for,  merely  l>y  the  prooess  of  inenlia-  ^^^^^  "_  ^"^^^ 
tion,  or  submitting  the  egg  to  a  due  temperature  for  a  Huita-  oriiajiaris. 
ble  length  of  lime,  with  the  access  of  atmospheric  air,  the  young  chicken 
forms,  with  all  lO  parts  complete — its  bony,  muscular,  ncTvous  systems, 
feathers,  beak,  claws.  The  phosphate  of  lime  required  for  the  skeleton 
is  not  present  as  such,  hut  is  formed  as  incubation  goes  on ;  for  in  the 
yolk  there  is  free  phosphorus,  to  which  the  air  finds  access  through  the 
pcrvioiia  shell,  and^  effecting  ita  o.xidation,  phosphoric  acid  is  the  result. 
'This  reacts  on  the  carbonate  of  lime,  of  which  the  shell  consists,  decom- 
poses it,  and  tiic  phosplmte  of  lime  forms.  For  this  reason  wc  observe, 
as  the  incubation  proceeds,  that  the  shell  becomes  lighter  and  thinner. 
The  albuminous  rtuid  which  constitutes  the  wliite  of  the  egg  has  little 
power  of  holding  bone-earth  in  solution  ;  but  by  manufacturing  the  salt 
in  this  manner,  as  it  is  wanted,  the  development  of  the  young  bird  goes 
on  without  difficulty.  To  insure  the  due  s.upply  of  oxygen,  an  aii"-bub- 
ble  is  placed  at  the  broad  end  of  the  egg,  bo  that,  should  any  transient 
drcumstance  interfere  with  the  passage  of  air  through  the  pores  of  the 
shell,  there  is  a  Httle  reservoir  of  that  material  on  which  to  rely. 

The  maminalia  find  in  milk  all  that  they  need  in  their  infantile  life 
for  their  nutriti^'e  purposes.  In  the  same  manner  birds,  in  their  fmtal 
life,  liave  whatever  they  require  in  the  egg.  For  the  former,  casein  is 
the  nutritive  clement;  for  the  latter,  albumen.  In  both  cases  a  ready 
transmutatton  of  that  element  into  muacle^hbrin  occurs. 
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At  a  TTiatnrer  period  of  life,  animals  may  be  divided  into  two  groups^ 
cmrnivorous  and  lierbivorous,  or  those  which  feed  exclitsively  on  flesh, 
and  those  Tvhich  feed  On  vcgetaLte  sulistanocs.  Between  these  may, 
perhaps,  be  introdiJced  a  minor  group,  partaking  of  the  nianner  of  life  of 
both. 

The  camivoroas  animal  finds  in  its  prey  all  thiit  ila  required  for  nutri- 
Hnirition  of  *''^"'  ""^  ^'■"^  discharge  of  its  i'unctions.  Digestion  under  these 
flmrnivoTflus  circum 8 tancES  is  reduced  to  its  simplest  condilions,  and  is 
scarcely  more  than  a  process  of  solution.  In  the  stomach  the 
fibrin  is  brought  into  a  soluble  fonn ;  in  the  duodenum  the  fats  are  re- 
duced to  an  emulsion.  The  digestive  apparatus  has  but  little  complexi- 
ty. The  Btotniich  maybe  regarded  as  a  mere  enlargemetti  or  pouch  upon 
the  alimentary  canal,  having,  along  with  the  intestine,  the  office  of  bring- 
ing the  food  into  such  a  conthtlon  that  it  can  be  taken  up  by  the  veins 
and  lactral?,  and  so  pass  into  the  circuktion.  The  various  constltuenla 
now  revert  into  the  same  state  in  which  they  were  before  digestion  be- 
^n,  the  fibrin  aitling  in  the  rei^)air  of  the  wasted  muscular  tissues,  and 
the  fats  being'  deposited  in  the  adipose  cells.  The  bones,  feathers,  and 
other  such  matters  as  have  not  been  dissolved  by  digcstioni  are  east  out. 

In  the  production  of  heat  and  motion  the  «iniivorous  animal  consumes 
itself,  and,  through  the  oxidation  incessantly  going  on  by  niefms  of  the 
air  introduced  by  respiration,  carbonic  acid,  ammonia,  water,  sulphnric 
and  phosphoric  acids  are  constantly  forming. 

On  a  superficial  view  it  might  be  supposed  that  in  the  other  group, 
■*  t  'ri  r  ^^^  herbivorous,  the  case  is  quite  different.  These  seem  to 
hprtjvoroii*  ispcnd  !ill  thciT  lives  ill  obtaining  food.  The  ox  or  the  horse, 
aniinRis,  ^^^  ^^^  j^j,^  ^^^  pastures,  is  all  the  day  long  cropping  the 
grass.  On  a  comparison  of  the  quality  and  nature  of  the  food  wbic 
they  take  with  the  substances  of  which  ihdr  bodies  consist,  there  secraA^ 
to  be  nothing  in  common.  It  was  Dot,  thcrcftrre,  without  reason  that  the 
earlier  physiologists  imputed  to  the  digestive  organs  of  this  class  the 
power  of  forming  ticsli  and  blood  from  vegetable  matters.  WheUt  how- 
pver,  we  come  to  a  critical  examination  of  the  facta,  we  (ind  that  there  is 
no  essential  difference  lictwecn  ihem  and  the  camivora. 

When  the  expressed  juice  of  vcgelables  is  permitted  to  stand  for  a 
tunc,  though  it  may  haN-e  been  clear  at  first,  a  turbidity  sets  in,  and  a  &aky 
raalenal  is  deposited.  The  substance  tliue  possessing  (he  power  of  spon-. 
taneous  cosgulaiion  ie  identical  in  that  property,  and  in  compoaitjon,  with 
animal  fibrin.  After  its  deposit,  if  the  clear  liquid  be  warmed  to  near  the 
boilittg  point,  it  again  becomes  turbid,  and  a  second  nitrogenized  sub- 
stance subsides,  which,  from  ita  quality  of  coagulating  by  rise  of  tempera- 
ture and  its  analysis,  is  inferred  to  be  idenlical  witli  animal  albumeji. 
Wliea  this  has  been  separated  by  filtration  or  otherwise,  and  the  jnioe  it 
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slowly  evaporated,  there  come  on  its  surfiice  skins  of  a  body  having  thr 
same  (jualities  as  casein;  sofilirin,  alliiinien,  and  cnsein  pre-exist  in  plantn. 

Fatty  matters  of  every  Jeacriplion  may  also  Lg  estracted  from  vege- 
table products.  From  leaves,  seedB,  l>arkt  wood,  etc,  oC&aglnous  bodies 
can  be  obtained  by  the  action  of  sulphuric  ether,  which  removes  the  fat, 
and  leavca  it  on  subsequent  evaporation. 

It  being  thus  understood  that  the  food  of  the  graminivorous  animals 
contains  nitrogenized  bodies  and  fata  ready  fqiined,  we  have  dearer  views 
of  the  function  of  digestion  in  those  tribes.  It  is  not  necessary  to  im- 
pute to  their  digestive  organs  the  power  of  creating  flesh  and  fat  from 
vegetable  matter.  The  office  of  tlie  animal  ia  merely  to  collect.  The 
two  groups  being  compared  togetlicr»  the  carnivorouB  animal  receives  un- 
der lcs3  compass  the  required  amount  of  nutrition,  and  its  digestive  ap- 
paratus is  more  compact.  But  the  graminivorous  animal  must  all  the 
day  long  collect  large  quantities  of  food,  out  of  which  it  may  extract  tlic 
little  nutrient  matter  they  contain.  The  carcass  of  an  animal,  seized  by 
a  lion,  is  almost  all  digestible,  but  it  would  require  a  very  large  amount 
of  herbage  or  of  grain  to  be  supplied  to  an  ox  to  make  up  the  same  quan- 
tity of  albumen  or  fat.  Hence  the  necesBary  complexity  and  size  of  the 
digestive  organs  of  the  herbivorous  group,  and  hence  many  of  their  hab- 
ita  of  life, 

Moreover,  we  see  that  even  in  this  apparently  extreme  case  the  ani- 
mal system  does  not  clearly  exliibit  any  quality  of  exerting  Fomi  rormcd 
a  formative  action,  nor  of  grouping  atoms  into  a  state  of  dBf^Iioy ^'d  t^"^ 
higher  organization.  It  possesses  no  special  power  of  mak-  niiininia. 
ing  flesh.  To  tlie  vegetable  world  we  have  to  look  as  the  great  forma- 
tive agent.  In  the  organism  of  plants  the  varioaa  compounds  wanted 
by  animals  arc  fabrieated.  Animals  destroy  those  eomjwunds,  and  in 
BO  doing  maintain  a  high  temperature,  irrespective  of  atmospheric  con- 
ditiona,  and  give  rise  to  the  phenomena  of  motion  and  intellectuality. 

Universal  ejcpcrlence,  as  w"cll  as  direct  experiment,  proves  that  in  the 
caae  of  man  health  can  not  be  maintained  on  a  uniform  diet,  however  it 
may  be  with  animals.  A  mixed  food,  wliich  varies  from  time  to  time, 
seems  to  be  essential;  and  there  can  not  be  a  doubt  that  the  changes 
which  physicians  have  recognized  in  the  nature  of  the  predominating  dig- 
eases^  from  century  to  ceutui-y,  am  connected  with  changes  which  have 
taken  place  in  the  nature  of  the  diet.  Tlie  introduction  of  tea,  coffee, 
the  potatoc,  and  tobacco,  must  have  made  a  marked  impression  in  these 
respects. 

Undue  exms&es  of  albumen,  oil,  or  atareb,  jn  the  diet  of  an  individual, 
produce  a  liability  to  arthritic,  bilious,  and  rheumatic  affec-  NecesBiiyof  • 
lions.  An  abstinence  from  fresh  vegetables  and  fruits  devel-  ™  H^nnTngT' 
ops  scorbutic,  and  adelicicncy  of  oleaginous  materials  scrofu-  of  cocking. 
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iHw(W«N     tl  i»  «vije«t  that  a  control  over  these  affections  may  be  ob- 
I '  Uivu  uuxl^  to  «  considerable  extent,  acwmpUshed,  by  suit- 
:.  Miu  nature  of  the  food,     Tliis  ia  strikingly  seen  in  the 
.  u-  hvahL  of  sailors  during  long  voyages,  since  the  intrij^ 
.;  .  ut>lp  [krvparntions  or  acid  juices.     In  172G,Adniirai  Ho- 

rn I'ifiglund  to  tiie  West  ludies  with  aeven  ships  of  the 
i|,,  ..  .  liiM  whuld  crew  twice  by  scurvy.     The  circumnavigation 

,.  im  u  now  otWi  accomplished  without  the  loss  of  a  single  man. 

I  I.  ,"  .  tdy  uMiiiirkcJ  the  insufficiency  of  the  tables  setting  forth 
^^1  ^  ..  I  laivleo  i>f  Ibyd  as  dependent  on  their  chemical  constiiutiyn. 
tklA'h  UUm  OTQ  of  littltr  use,  agriculiui-ally,  in  the  case  of  animals,  and 
..  : :  .  i . ,  .iulij^icftlly,  in  the  case  of  man.     The  art  of  cooking  does 

I  I  iliuiii  to  the  gratification  of  the  [.i^Iate,  it  lends  a  reul  assiat- 
H             iliu  (>|Hiri(l)iin  of  digi^stion.     New  elements  may  not  have  been 

..  titi*iiiig  cint!»  removed  in  submitting  the  food  to  the  action 

■  iiHiln-ruliirr,  yet  auch  a  change  is  thensby  inipreaaed  upon  it 

luiiiM  more  capable  of  digestion,  and  more  subseirient  to  th^ 

ilifi  iMoiiiiniy, 

1.,  J  iuini'iiDiff  llui  abwiute  quantities  of  nutrient  substaneea  required 

,,     ^    ,  ,    hy  llm  iiy»tnni,  Lchtnatin  observes  that  there  are  three  ^laff•^ 

.  ,  i«i     iiiliiilrH  wni'^h  wc  are  especially  called  upon  to  consider:  the 

'  Ijijit  li,  Um  i|iifliility  of  food  requisite  to  prevent  the  animal 

lllkliiil  friit"  BiHrvaliiiii  I  itm  aecond  ia,  that  which  affords  the  right  sup- 

If  id'  iHiiiiriNliim^ut  for  ilic  [jerfcet  accomplishnient  of  thetiinctions;  and 

'i\i  Itiul  Im)  liiitt  whif^h  indicaUrs  the  amount  of  nutrient  matter  which 

\mn  ,  miiirr  lh«  '""^t  favorable  circumstances,  be  subjected  to  metaraor- 

iiIiiihI4  mi  iha  hhtud.     The  method  of  finding  the  miuimum  of  food  nec> 

I  .  iiiqipurt  lilu  by  ntopping  all  supplies  without,  and  determining 

I I  ,<i\ivm  i>l' irii)l1(-r»  which  the  organism  uses  by  the  excretion  of 
^,  I  •.!),  uxpimd  and  tnitiHpircd  products,  though  it  has  yielded  re- 
lltlu  ui  llt'i  iltrniin!  tin|iiirlarii;<i  to  Hcicnce,  is  nevertheless  not  altogether 
|L|i^|i|n,  Uif  Ml  ati'ili  a  »lulii  of  inanition  the  aystem  is  brought  into  a 
^NMIiI'I  ('"tiililJiin,  ur.  At  nil  evi^ntit,  li  not  acting  in  a  normal  way.  More* 
I  '■  {itmt\»  on  the  iiclivily  with  which  the  various  functions  are 
,„_^^,  I  ,  ,  I,  u  fiwitiMlty  for  iiouniihment  increasing  with  increase  of 
k$tUU»i  nfiivHy.  Autl  a*  lo  liir  nnumnt  of  food  demanded  for  tlie 
,,,  i,,<ri  ni  fli'i  nyali'iri  nl  lu  Htnndard,  it  must  be  borne  in  mind 
tinil  III  Jl'-  ("<"  '  ittumm,  tlm  uniboliydrateH,  the  tats,  tiie  albuminous  mat- 

i'(H,  nfMJ  tie  urtlHif  II"  "IJ«  »lonc  will  aniwer  the  purpose,  but  all  must 

<I4  fUili\t*f***\  I'iKfllhnr,  Hiiil  Ihia  in  variable  proportion,  according  as  the 

I,      I        (  it    r-fKh' viirlMldr.wniilfm  ofthimystem  niayhavebeen.    These 

{  HmIivhIm  hiiw  itimpJit'iitrd  the  problem  we  have  in  view 
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From  the  esperiineiita  of  Bouasingault  witli  reierence  to  fat,  and  of 
Bid<ler  and  SchmiiU  with  refereni^  to  the  aliiuiiiiiiates,  anil  Ulttximiimliin. 
of  Von  Becker  with  reference  to  the  carboliydmteB,  we  learn  "/JiS'^J^j'X 
that  only  derinite  quantities  of  these  aubstances  can.  be  ab-  njimuotftod. 
sorhed  by  the  intestine  in  definite  iM^riods  of  time.  This  msximuni  limit 
is,  however,  far  more  than  the  iieeessitieif  of  the  ajstem  require;  hence  in 
overteeding,  though  much  of  the  excess  of  food  pasM;3  away  with  the  cx- 
crement,  a  verv  larg^e  portion  is,  a3  it  i\ere,  needlesslv  ahsorlx-d,  itnd,  im- 
ckr^oinf!;  iiietnnicirpliot^Is  in  the  blood,  is  rcmovtO  hj  tlie  kidliieys*  To 
lliia  portion  Leknmnn  ajijilles  the  designation  introduced  by  Schmidt, 
liLXUit  eoiisnmptiiin,  or  Rujiorfluoua  conBuniption.  Of  eoursc,  the  e.tniplcst 
condition  under  which  we  csui  investigate  the  nonnal  quantity  of  food 
requirf-'d  is  that  of  an  invariable  weight,  and  the  difiieultiea  of  the  inquiiy 
are.  increased  wlieii  growth,  corpulence,  pregnancy,  or  other  such  states, 
are  included. 

Tliough  viQ  arc  verj-  far  from  bcing  able  to  offer  a  comjilete  solution 
of  the  problem  of  the  amount  of  food  required,  in  its  most  general  sense, 
yet,  through  the  labors  of  mauy  chenustH,  we  have  aecuiTiulate<l  several 
&cta  which  have  a  Iwaring  on  this  quesition.  Tlius  it  is  knuwn  that  albu- 
miuous  Rubstaiices  alone  «ui  not  Ire  absorht'd  in  quniiiity  enough  to  eom- 
penaate  for  the  loss  of  carbon  by  respiration.  A  duck,  as  ia  BhoiTu  by 
Bouseingault,  espiren  in  one  hour  1.25  grannmett  of  carbon,  but  win  only 
absorb  of  carbon  in  albuminates  1.00  gramme.  So,  in  hke  maimer,  fat  alone 
is  inadci|U«te,  for  of  tliij*  substiuico  0.^4  gramni<'->  coiitiiinilig  almut  0.70 
gnoiime  of  carbon,  can  only  Ije  lakeu  up  in  an  h'Hir,  anil  this  is  not  much 
more  thiin  half  of  wliat  tlie  re-Hjuiratoiy  operation  demands.  The  carbo- 
hydrates, Jiowcver,  can  be  abt^orbed  in  sufficient  proportion,  and  in  this 
mixed  maimer  are  all  tho  requirement s  satistJed.  Boupsingault  inakes 
the  curious  remark  that,  iu  the  quantity  of  starch,  5.26  parts,  and  the 
quantity  of  sugar,  5.02  parts,  which  this  bird  can  absorb  in  one  hour, 
[there  are  ne^y  the  same  quanfitiea,  2.37,  of  carbon. 

Among  the  special  investigations  which  have  been  made  to  determine 
the  amount  of  food  used  and  tlie  amount  of  ediicts  from  the  jv^oufitof 
system,  should  be  mentioned  thitt  Oif  \''alentin  npoii  himseEf.   {•»<  mi'i 
Iljs  weight  was  117  lbs.;  his  diumal  cojisumption  of  food, 
6.451  lbs.:  solid  excrement,  .42  lb,;  urine,  4.686  lbs.;  and  2.75ribfl. 
perspiration.     From  tlie  more  recent  and  very  exact  experiments  of  Bar- 
ral,  it  is  iiiferred  that  of  100  grammes  of  carbon,  wliieh  have  been  ab- 
sorbed into  tlie  organism,  91.5!J  escape  as  carlwnic  acid  through  the  lungs 
ant!  skill,  4.58  ap[«ar  in  the  urine,  and  3.83  are  re-excreted  and  appear 
in  the  tieces.      Upon  similar  principles,  Lehmann  computes,  from  the 
data  furnished  by  Barral,  that  for  every  100  parts  of  absorbed  nitrogen. 
49.6  parts  are  removed  through  the  skin  and  lungs,  42.07  are  foimd  in 
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the  urine,  and  8.33  are  re-excreted  into  the  &ces.  As  a  general  reaolt. 
it  follows,  from  these  experiments,  that  an  adult  man  oxidizes,  on  an 
average,  289'  grammes  of  carbon,  and  18.6  granunes  of  hydrogen  in 
twenty-four  hoxira. 
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DB.  DIITOCEniTIC   DICKSTIOX. 

Mto«  a^/Xt^ndoR.— TV  JUWA.  r«Wl,  .Snwac*.—  TV  Saliranf  (HcmU.—Diftrml  Khkit  ^ 
tUkm. — /^lyiyifai  ^  mxtd  Abfira  r  k»  i^mlitf.  OmtjwtMjir.  tmd  Fmctitmi. — Hebtim  ^ 

Ortftaujirr  iU  frtfiarafiam-^-Mammer  ^fndaciy  (lyxe. — Jm/h^ma  of'  llit  AVmr^ — .trt^ 
ria/ iJijtatim. — PrwparoAtm  amd  PrtptrUa  i^  I^iptm. — Riyiomtliimd/metkmiiJ  HinaiimM  a^ 
ifa  giBMiri  in  AmJmalt  ami  it  Sf>a.—Obfrrt  of  Slomodt  DigtOim. — i^pCiMM. — V»et^Sat. 
— IXjctlAiKtif  ^  canofu  Aniela  of  FimkI. 

Before  the  food  can  be  absorbed  and  carried  to  all  ports  of  the  f»j»- 
Vaiare  ot  ^*™  it  mnst  be  sabmitted  to  certain  preparatory  opetations- 
lEigHtion.  f^jnce  it  18  either  to  be  dissolved  in  the  blood  or  transported  as 
chyle  through  the  lacteal  Tcssels,  it  is  absolutely  necessarj'  to  bring  it 
into  B  condition  of  solution  in  water,  or  at  least  into  a  state  of  minute 
suspension  in  that  liquid.  Received  tn  masses  of  a  certain  size,  it  is 
first  cut  and  crushed  into  smaller  portions  by  the  teeth,  and  then  brought 
from  an  insoluble  into  a  Boluble  or  suspended  state  by  the  chemical  ac- 
tion of  tlie  digestive  jiitees. 

In  the  mouth  Uta  food  is  submitted  to  a  twofold  preparation.  It  is 
Fiinnimis  oT  divided  by  the  mechanical  action  of  the  teeth,  and  also  &imnl- 
tb«  in^aiii.  taneously  mingled  with  Uquida  secreted  from  the  salivary 
gland?. 

The  animal  series  [Treaenf  na  with  numberless  contrivances  for  accom- 
plishing this  rommiimtion.  The  teelh.  though  of  a  l>ony  nature,  are  not 
to  be  regarded  as  apjiertaining  to  the  skeleton,  but  rather  to  the  digcstiv* 
mechanism.  Their  stntcture,  number,  and  position  differ  veiy  much  in 
different  tribes.  In  certain  fishes  the  mouth  is  almost  lined  with  (hem. 
In  crabs  they  extend  to  the  stomach,  but  in  other  cases  they  are  rratrict- 
cd  to  the  pharyns.  or  are  wholly  absent ;  this  being  the  cape,  for  instance. 
among  the  ant-eaters.  Those  insects  whose  food  is  of  a  fluid  nature  have 
iBttramraisof  no  need  of  teeth:  but  those  which  use  solid  material  are  ao- 
^^■^^^^^  eommodated  with  suitable  in8tramenl-<  of  ahrnsion,  such  aa 
n»*U-  borers,  cliisela,  saws,  nippera,  the  partimdar  mechanigm  ifr- 
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sorted  to  being  adapted  to  the  nature  of  the  food.  It  is  to  be  underatood 
ihat  these  mechanical  termg  are  not  mere  inetaphors,  they  indicate  ihe 
actual  nature  of  the  apparatus.  The  object  aimed  at  is  to  obtiain  (he  ibod 
in  such  small  porfions,  and  m  such  a  bruised  or  pulpy  condition,  that  di- 
j^3tion  can  be  accomplislied  promptly.  In  man  the  number  of 
temporary  teeth  is  twenty,  ten  in  each  javr.  Tliey  are  arranged 
in  (hree  classes — ^four  incisors,  two  cnnines,  and  four  Tnolara  for  the  up- 
pnr  and  under  jaiv  rcspcclively.  The  permanent  teeth,  which  are  eventu- 
ally substituted  for  these  temporary  ones,  are  thirty-two  in  number,  claea- 

ified  for  each  jaw  as  four  incisors,  two  ca- 
^'-^       n  ninea,  four   bicus^pids,   and    six    molars. 

'^ifK_yli\  Their  arrangement  is  exemplified  iu  /*^. 

^  •■-■''*'  1,  representing  the  lower  jaw,  in  whicJi 

1  IS  the  middle  and  lateral  inciiaor,  C  the 
canine,  b  the  two  bittuspids,  and  m  ibe 
three  molars. 

The  movenients  of  the  teeth,  aided  by 
those  of  the  tongue,  aecomplish  a  due 
abrasion  of  the  food,  and  simultaneously 
incorporate  it  witli  the  saliva.  Tliis  is, 
therefore,  a  purely  mcchanicai  operation.  It  is  analogous  to  MechmiiMim- 
the  methods  tg  which  chemists  resort  in  their  latmratorics  uinMirma*Uc«. 
when  they  prepare  solid  materials  for  exposure  to  reagents. 

The  minf!;Iiny  of  tbod  with  saliva,  or  iuHalivation.  effeets  u  double  ob- 
ject. Coated  over  with  a  glairy  juice,  the  bruised  substance  pa-sses 
along  the  reRophageal  tube  into  tlie  stomach ;  but  there  are  also  certain 
chemical  changes,  wliich,  commencing  in  the  mouthy  are  of  essential  im- 
portance to  the  completion  of  rligeation. 

The  stomach  is  an  expansion  of  the  alimentary  canal  between  the 
a-SophagUs  nnd  duodenum,  of  a  conical  figiue,  the  base  of  Dpactimion  of 
which  is  to  the  left.  It  coniruunicates  with  the  cesophagus  ihc  hmnnn 
by  its  cardiac  oritice,  and  by  its  pyloric  with  the  duodenum.  *"""* 
It  conai.'fts  of  three  coats  or  tunics  —  the  serous  or  peritoneal,  which  is 
exterior ;  tlie  muscular,  which  is  intermediate ;  and  the  mucous,  which  is 
interior.  They  are  connected  with  each  other  by  cellular  tissue.  The 
(ibres  of  the  muscular  coat  run  in  three  ditfercnt  directions,  consitituting 
three  layers ;  the  superftcial  ones  are  longitudinal,  radiating  from  the  cegqph- 
agiis  over  the  surface  of  the  organ;  those  of  the  middle  layer  arc  circular, 
or  ring-like ;  they  are  well  developed  about  the  middle  of  llie  stomach, 
and  by  their  contractions  sometimes  make  it  assume  a  divided  appeax- 
ancc,  as  though  composed  of  two  compartnienta.  Toward  the  pylorus 
they  are  also  greatly  re-enforced.  The  fibres  of  the  third  layer  take,  for 
the  most  part,  an  obii(|ue  direction.     The  interior  or  mucous  coat  ia  aome- 
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times  ternied  the  villous,  from  its  velvety  appearance,  lu  coior  is  very 
\:arifil)le ;  it  is  folded  into  rugiic,  which  admit  of  variations  in  the  disteiH 
tion  of  the  Btomacl),  without  interference  with  the  structure  or  fiinctiona 
of  the  merahranes  of  wEiich  thej.-  are  a  part.  The  cardiac  orifice  is  pU- 
CAted,  and  the  opening  into  the  duodenujn  is  tluoagh  a  circalat  fold  witli 
a  central  ajwrture— the  pyloric  valve,  which  being;  s\irrouiided  vdiii  a 
hand  of  mu^ctdar  tibrcs,  acting  as  a  gpbincter,  the  passage  from  the  stom- 
ach to  the  intestine  may  he  entirely  obstructed. 

The  stomach  is  s«n  in 
section  I^i^,  2,  a  bcing^  the 
oesophagus;  6,  the  greater 
extremity :  c,  the  smaller 
curvature ;  d,  the  gteM 
curvature;  tf,  (he  pyloiic 
or  less  end:  f,  h,  the  du- 
odenum ;  J/,  place  of  entrj" 
of  the  ductus  comnmnis 
choledoclms  and  pancre- 
atic duct.  The  place  of 
junction  of  the  a-sophagiu 
is  the  cardiaq  region:  the 
membrane  i&  there  plicated.  The  place  of  junction  of  the  duodenum  ia 
the  pyloric  region. 

The  n"pical  form  of  the  digestive  apparatus  is  a  sac  with  one  apertures, 
TntwofilM  which  serves  the  double  purpose  of  aftbrdiiig  an  entrance  to 
**""**■  nutritive  materislt  and  an  outlet  to  undige^teil  remains.  In  a 
highfff  condition  it  may  be  concei%*ed  of  as  a  tube  open  at  both  ends,  and 
having  A  saolike  swelling  on  its  middle  part.  The  jiorrion  of  the  tube 
anterior  to  the  sac  is  the  type  of  the  oesophagus,  its  a|ier1ure  answering 
to  the  mouth,  the  sac-like  sweUiug  being  the  type  of  the  stomach,  and  flie 
tube  leading  from  it  representing  the  intestinal  canaL  In  the  more  ele- 
mentary of  sDch  forms,  vcbscIb  arbp  from  the  n-alh  of  the  digestive  cav- 
ity, and  [>asfl  to  all  otlier  parts  of  the  ayBtem.  These  ser*-o  to  convey  the 
elaborated  material.  Certain  appendages  ai?  soon  to  be  discovered  in 
oonnectiou  with  this  simple  digestive  mechanism.  They  are  tor  the 
preparation  of  salivary,  ^^stric,  pancreatic,  or  biliarv  juices.  In  sixe  or 
duTelopment  they  vaiy  with  the  huhitfi  of  life  of  the  animal,  or  with  the 
mCnie  of  its  food.  Indeed,  tlie  same  remark  may  be  made  ns  reiipecis 
the  entire  digestiTO  tract  of  the  higlie^t  tribes.  Thus,  in  the  bat  the 
kogth  of  the  intestine  ia  to  that  of  the  body  as  three  to  one,  bnt  m 
■iMMp  A*  twenty-dght  to  one.  The  ruminants  generally  have  an  iftte*-" 
titwl  tube  of  gRtkt  length.  In  man  and  in  monkeys  the  pruportion  iv 
■boat  five  or  six  to  one.     Again,  as  Rganla  ooastruction,  there  are  many 
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diversities,  the  Tiunil)er  of  digestive  dilatations  and  their  size  correspond- 
ing in  aonic  mea.fure  to  iim  iiahire  of  the  tbod* 

Three  paira  of  glarida,  tlie  jiorotid,  submaxillary,  and  Bublingnal,  se- 
crete Saliva.  Of  these  organa  the  parotid  is  the  largest ;  its  Different kjodn 
secTction  is  delivered  through  the  duct  of  Stcno.  The  suh-  "f*»'i^*- 
luaxillaiy  duct  is  Wharton's,  but  thi^  sublingual  pours  its  tJuid  tlirough 
many  small  apertures  near  the  frenum  lingua*.  Besides  these  proper  scdi- 
vas,  the  lining'  membrane  of  the  mouth  yiflds  a  fluid,  the  huwal  mucus. 

The  parotid  saliva  is  thin  and  watery,  limpid  ajid  colurLcBs,  inodorotiB 
and  tasteless.  Secreted  during  fasting  or  under  the  use  of  The  paruiut  s«- 
stiraulflting  food,  it  is  denser.  It  contains  so  lat^  a  quanti-  '''"* 
ty  of  lune  that,  on  exposure  to  lite  air,  it  becomes  covered  with  on  in- 
crustation of  the  carbonate  of  that  substance.  It  also  contains  aulplio- 
cyanidi?  of  potassium.  Its  organic  ingredient,  if  not  albuminate  of  soda^ 
closely  resenible*  that  body. 

From  the  chemii^al  constitution  of  the  saliva  of  the  parotids,  the  phys- 
iological  function  of  tho.«e  glitndi*,  as  aquiparoiu?  organs,  is  established. 
They  yield  a  certain  quaittity  of  watery  juice,  whicli,  by  reason  uf  its 
thinness  or  fluidity,  is  readily  incorporated  with  the  food  by  the  teeth. 
Parotid  saliva  appears  to  have  no  power  of  transmuting  starch  into  sugar. 

The  submaxillary  saliva  is  also  colorless  and  hmpid,  tasteless  and  in- 
odorous. It  contains  no  morphological  elements.  It  is  jj,,,  sainnusn- 
lightcr  than  the  parotid,  less  alkaline,  and  contains  less  lime.  '"^  Miiva. 
tor  this  reason,  when  exposed  to  the  air,  it  does  not  bcconic  incnislei^ 
with  carbonate  of  lliat  earth.  It  contains  sidphocyanidL-  of  ^>otassiura. 
It  h  so  viacid  and  glutinous  that  it  may  be  drawn  into  threads.  From 
this  phy£»icHl  property  it  probably  facilitates  de^glutition  by  fumisliing  a 
kind  of  anli-lriction  coating. 

The  sublingual  saliva  is  thin  and  watery,  containing,  like  the  jiarotid, 
Imt  a  small  [tcrcentagfi  of  solid  matter,  and  probably  tlia-  ThasubiingMl 
charging  a  siinihu"  function.  wiivi. 

Besides  the  special  salivary  juices,  the  liiung  memhmne  of  the  mouth 
jionTS  forth  a  lic[uid — the  buccal  nmcus — a  thick  and  tena-  ThebacMlmo- 
cious  substance,  having  many  epithelial  cells,  It  i*  alkaline  ™'- 
in  iu  reaction,  does  not  coagulate  on  heating,  its  insoluble  salts  contain- 
ing no  carbonate  of  lime.  It  hae  been  obtained  for  examination  by  tW]ig 
the  ducts  of  Sleno  und  Wharton,  fceepi]ig  the  nostrils  open  and  the  head 
inclined,  so  that,  the  animal  being  unable  to  swallow,  the  mucus  flows  out 
of  the  monlh. 

The  buccal  mucus,  if  mixed  with  imrotid  saliva,  does  not  appear  to 
possess  the  power  of  turning  starch  into  sugar,  but,  if  mixed  with  the 
submaxillary  secretion,  it  accomplishea  that  tranamntation  with  facility. 

The  Saliva,  as  obtained  tiom  the  moulli,  is  therefore  a  mixture  of  the 
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wtamdaoB  of  tbe  Txnous  salinuy  glands.  It  mav  be  doabtei  wbether 
n^ftr^n^  ^  metliod  of  obtaining  it  sotnetinics  recomiDaided,  by  mak- 
■*"^"'*'"  mg  iHtaami  imder  the  chin  and  ticking  tbe  &iioea  wiih  a 
feKlIwr.  tifUb  tt  of  tmtmaJ  oonmitutton.  It  is  deaczibed  as  an  alkaline 
jvicF,  of  a  Unish  color  or  onloT^esst  in  oonnaleDejr  ^any,  imdihr  froth- 
ia^  ^d  tliucAMt.  veil  adapted  ^  enirappii^  atmo8|iliaie  air.  It  am.' 
tain,  of  aalid  maOa^hom  a^l8  to  0.M1  per  eent.  Its  alkali  appears, 
far  the  Bost  part,  to  be  combtned  inth  an  organic  substance,  ptvvline, 
fiw  iriodt  tt  mar  be  sepaiated  by  the  ir»kert  aods,  sadi  as  caubonic 
Ik  tkeadafaalira  the  alkali  oocnrs  chJedy  aa  phoqihate :  this  aiifcs  fioiD 
nHiMgaaeBt  of  tbe  omTtitiieutc  dnrii^  inniiRatieiL  The  ealira  con- 
taiaa  \mt  a  txaee  af  alkaline  ndpiiates,  the  cUoridn  af  eo^am  and  potis- 
■■m  fnpaaiawtiag  tfrtr  all  the  other  minoal  iiiguilifBts. 

Ota at^nibf^ailmaepameB  into  tiro  layers:  a  iranfpareiu  one,  wfaidi 
y  svpctnatant.  aad  a  graybh  turbid  <we  below,  vlndi  oonrnts  of  »  de- 
posit of  partkfca  «f  pavement  eptlKdimn  and  nncBS  coqwudes,  dcirred 
ham  tfe  lanng  Baabnae  of  the  nMnlh  and  tbe  aalirapr  ducts.  Its 
ctftnwal  icnukio  Tariea  lo  wnne  extent  witfa  the  state  of  the  pyttew ;  thoA, 
iftg  long-coB«MMeJ  farting,  fep—  being  aftifae,  k  MyaffnMehlfaeDca- 
inl  8Mb.  By  — e  it  i»  aauufcjd  thrt  mJm-  theae  coDdiliaM  it  bmj 
«TCB  hcnne  aod.  Thne  »  no  pmof  that  thia  is  owing  to  die  appear- 
«M»«flaci»cac*d-.  il  tHjbeAKtohtfyiieaeid.iirevvstheacidphos- 
pMNB  of  8Mk  Ir  nonM  eottdilioss  lias  nacdoti  ts  by  no  laeaAs  mvo- 
^WBl :  it  has  faem  aamaaooly  obMmd  in  atestinal  infi^^BliaB.  acnte 
dHsmiaB,  irtiiMillniil  fcTor.  Dooorf  and  FvtnAo  anert  ihii  nd£ty 
«f  An  safivm  if|arfi  «■  mm  inilaliM  eflh*  hMseal  ■■riai  iwnilaaiMi 

The  ttppnArfTaritTflfHaxpdsalinir«iKfi«ail-0D4  to  1.009.    Tfaese 

the tikMig  of  iiMu ttd » giM—r  jnewm  after  takbg fcod,  Aaa  crania 
«hnn«d  in  the  fiMMtg  sMe.    A»  annnal  Sm  cafccialh-  aaenafloa  k. 
Vrnkf  wdhwy  rwc— iiifwiBf^  A*  «>Kni  is  mameA  <»  i^  iwawt  of 

lliii«.i  if^"  *'****^  ......a^     TV  nwin>Mi  w  ■«* eepioM 

lh*«M«fhM4«lMiiwAfao4.     Miami  laai him ■  eoEwt  a  ocntod o*er  its 

n     ilt.mo»tyth»Miii^awiinof<iiwl 

««.  «•  a  CMMMlBnUe  rvMW ;  iii*ilj«j^ 

Ua  inJMM  ofthe  iaAtviat  4«'lh»  HiwlnBi  ^Mmfr  a  ytwii  «a«rik  Ae 

w^fc  oM  <ClM  fWHw  Jwni. 
ot  «i4tW|w<»tMR>of^fc<4  9«*me«»««> 

t^»  *^  ^.^*«,     h»pfrtuna<^tfcw»iBmiw  thliht 

pwMM  ^^hmm  <Hi  taM  aiw  w  tlie  wmmi  waani  whwM  ssiv  m  mhmhboii 


CONSTITUTION    OP  SALIVA.  4fi 

saliva  in  the  mixed  Hecretioii,  nothing  ia  known  with  certainty  in  The  caBe 

of  marit  liat  it  is  aaid  that  in  hnrscs  the  parotids  i'lirnish  two  lUirds,  the 
submaxillariea  one  twentieth,  juid  tlie  sublinguals  and  tmicona  follicles 
the  rest.     The  gecfetion  of  the  saliva  goes  on  during'  sleep. 

To  the  active  organii;  aubftance  of  the  saliia  the  Jesit^niation  of  ptya- 
lino  has  been  given.      It  is  regardiid  as  a  fcniient,  possessijig  in 
several  respects  the  properties  of  diastase,  and  hence  has  been 
ualled  by  Miaihe  diastiisc  salivaire. 

For  the  purpoHc  of  analysis*  saliva  slioiild  be  obtained  in  a  jwrtectly 
freah  state,  a  condition  not  easily  fulfilled^  for  it  decomposes  or  changes 
with  rapi^iity. 

During  ihem  changes,  alkaline  carbonates,  far  example,  are  formed  in 
abuiithinee,  tliough  they  may  have  exlstcil  btit  to  a  small  extent  at  tirat. 
We  have  alreiidy  seen  that  in  [Eiis  way  parotid  saliva,  »?x-  Consiitutbnflf 
posed  to  (he  air,  yields  crj'stals  of  c^arlwjiate  of  limp.  The  *'^''^'»- 
following  table  is  presented  as  ottering'  an  example  of  the  ai'erage  consti- 
tation  of  mixed  saliva. 

Conftitntian  of  Ihr  SaKra  (Frtncht^. 

"Water...,, , ,.... 99+.  10 

Ki|.>]thclmni  Knil  mucuii ,.,. .,       S.13  * 

Prtt 07 

I'tjiilini!  jiiiii  alnilio]  estnocl 1.41 

Kiil|;i|ji)t70Tii<ic  of  jKJtBssium 10 

Fixed  MlM ■       8.19 

J I  MO.  00 

Of  the  fixed  salts  the  chief  are,  the  phosphates  of  aoda,  lime,  and  mag- 
nesia, and  the  chlorides  of  sodium  and  potassium.  The  sulphocyanide 
of  potas.sium  varies  in  amoiuit  considerably :  it  inereaseB  after  nseals,  and 
especially  after  the-  use  of  condiments,  salt,  jwpijer,  spices.  Those  arti- 
cles which  contain  suiplniTjas  mnstfird, garlic, radishes, increase  its  amount 
in  a  very  marked  manner. 

Not  only  docs  tlic  Saliva,  OS  derived  from  the  dlfierent  glands,  present 
difierences  of  constitution;  it  likewise  dift'ers  in  various  sni-  Modiflcadoni 
inals.  and  in  the  same  animal  according  to  its  age.  This  is  "^ "'•'■'■■ 
obsen-ed  e^'en  in  the  case  of  man.  The  sabva  of  an  infant  at  the  breast 
possesfies  very  little  power  ol'  sacchariaing  starch,  a  transmutation  which 
that  of  the  adult  accomplishes  with  energy. 

The  action  of  thi;?  secretion  appears  to  be  limited  to  atarcli,,  and  certain 
kinds  of  sugar,  which  tirst  yield  lactic  and  then  butyric  acid.  It  docs  not 
exert  any  inilaenco  in  transforming  albominous  matter. 

The  saliva  discharg<;8  many  functions.     It  is  a  necessary  intermedium 
in  the  sense  of  taste,  tor  substances  to  be  sapid  must  be  more  Functioni  of 
or  less  soluble  in  thie  juice.     If  insoluble,  they  are  tasteless.  »*'""'■■ 
It  also  moistens  the  interior  of  the  mouth,  and  prevents  the  eenaation  of 
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SALITART    DIOESTION    IN    THE   BTOMACH. 


dryness.  But  its  chief  duty  HeeniB  to  be  that  of  promoting  the  digestive 
npfiration;  for,  though  the  food  remains  in  the  mouth  but  a  ehort  time, 
the  action  of  tlic  finliva  is  prolorig;eH  iifter  iho  niaRlicated  maaa  ha!t  been 
ilppositeil  ill  tlie  stomach.  Tiiough  tlie  direct  admixture  of  saliva  with 
gastric  juice  injures  the  power  of  the  latter,  this  effect  does  not  cnsxiG  in 
the  stomach,  since  tiioy  act  for  the  most  part  peparatcly.  The  action  of 
the  g;;istric  jiiicc  is  superticial,  and  two  distinct  operations  are  therefore 
■conducted  at  the  same  moment,  the  surface  of  the  food  cbanging;  under 
Artfon  cirihe  tlic  influence  of  the  gastric  juice,  and  the  inner  portion  under 
'fnidTiiTb.  *'"'*'  ot'tlK  saliva.  I  believe  that  in  this  manner  the  salivary 
«om»<!h.  juice  lends  itFelf  to  stomach  digestion,  for  it  is  well  known 
that  by  its  aid  starch  changes  into  grape  sugar,  and  the  Iranamutation 
floes  not  Btop  at  that  point,  hut  goes  on  to  ths  production  of  lactic  acid. 
An  acid  Juice  ia  ei"5Cntial  to  stomach  digestion. 

After  the  administration  of  balls  of  starch  to  animals  in  which  gastric 
Pr(i<iii<-!iiiii  of  fistula':  Iiave  been  dstablislied,  sugar  may  be  detected  In  the 
KUjiur  fwni       stomacli  in  the  course  of  ten  or  tit'teen  minutes.     It  does 

utarcli  in  llii?  ...  i       -  i  i 

•tcnnnci.  (ly  ttia  Hot  ap]>ear  that  there  is  any  relation  between  the  quantity 
Mlh'a.  of  saliva  incorporated  by  mastication  and  the  quantity  of 

starch  in  tlie  food.  Animals  which  swallow  iheir  food  without  mastica- 
tion have  cither  no  parotids,  or  those  organs  exist  in  only  a  rudimentary 
state;  commonly,  however,  their  submaxillary  glands  are  large.  Un- 
der the  most  favorable  circumstances,  the  digestion  of  starchy  food  i? 
scarcely  ever  complete,  a  considerable  portion  being  found  in  the  excre- 
tncnt.  The  true  function  of  the  saliva  has  been  well  illustrated  by  in- 
serting amylaceous  food  inio  the  stomach  of  dogs  with  gastric  tistulie, 
after  tying  the  salivary  ducts,  in  which  case  no  sugar  can  be  detceted, 

It  liaH  been  suggested  that  the  eventual  arrest  of  the  action  of  saliva 
on  reaching  the  stomach  may  be  due  to  the  digestion  of  its  ptyaline  by 
the  gastric  juice.  In  artiticial  esperiments,  however,  such  a  digestion 
or  destruction  can  not  ho  accomplished. 

Tiie  double  digestion,  partly  salivaiy  and  partly  gastric,  occurring  in 
the  stomach,  is  doubtless;  one  of  the  causes  of  those  differences  which 
have  been  noticed  between  the  nJitural  action  of  that  organ  and  the  arti- 
ficial imitationB  of  it.  The  influence  of  the  saliva,  even  under  these, 
which  may  seem  at  hrat  siglit  to  be  unfavorable  circumstances,  is  far 
from  being  trivial,  an  effect  which  is  well  illustrated  by  the  instantane- 
ous manner  in  wlueh  a  solution  of  starch  in  water,  mixed  witii  an  equal 
quantity  of  saliva  and  agitated,  is  transmnled  into  a  solution  of  sugar. 
In  a  few  momenls  its  viscidity  ia  lost^  it  fails  to  give  the  blue  reaction 
with  iodine,  becomes  sweet  to  the  taste,  and  readily  answers  to  Trom- 
mer's  test. 

Ilc^^ides  the  duties  which  have  been  mentioned,  the  saliva  incidentally 
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Iplishca  a  secondary  object  hy  its  jiowcr  of  retaintng  gases  in  itB 
or  foam.  AtmoBplieric  oxygen  by  tbin  mi-aiiB  is  iniwr-  g^n^.^  carries 
[wrated  with  the  food  during  magtimtion,  and  is  thus  enabled  air  iiiio  the 
to  e-Tert  an  inijiortaut  influence  in  promoting  the  action  of 
the  gastric  jiiice.  For  to  the  inception  of  the  change  which  that  juice 
impresses  on  the  food,  oxygen  is  necessary.  It  is  brougbt  into  the  cav- 
ity of  the  stomach  entangled  or  dissolved  in  the  saliva. 

It  has  just  l)ecn  mentioned  that  the  action  of  saliva  on  starch  is  not  re- 
stricted to  the  production  of  sngar.  but  that  it  may  end  in  the  Uciil-  acjfl 
Ibnnation  of  lactic  acid.  If,  therefore,  any  thing  intervenes  to  l^^^^^t^fiy, 
check  the  supply  of  liydrochloric  acid,  wliieh  usually  givea  driKbloric, 
acidity  to  the  gastric  juice,  the  system  poasesses  within  itself  the  means 
of  compensating  tor  the  difficulty.  In  the  intetior  of  the  digesting  mass 
lactic  acid  is  l>eing  set  free.  Thi*  acid,  nf>  has  long  beeii  known,  can  re- 
place hydrochloric  acid  in  its  physiological  duty. 

Though  so  large  a  qnantity  of  saliva  as  20  ounces  may  be  Beoreted  in 
a,  day,  this  biding  alwut  one  Imlf  of  tlie  uriniiry  discharge,  it  is  to  Ijc  re- 
inembejed  that  tiic  water  is  not  lost  to  th(^  system,  as  in  the  latter  case. 
When  the  impure  habit  of  profuse  spittiriig  is  iTidulged  in,  it  i>|j™p[i„E.ef. 
is  interesting  to  reraark  the  reflected  etfecl:  which  takes  place  fci-t  >•{  [irnfuse 
in  the  reduced  quantity  of  the  nrlne^  and  an  instinctive  destre  "*'""' 
for  water,  a  kind  of  jjerpetn^il  thirst.  It  is  probable  that,  under  these  dis- 
gusting circunistant^es,  the  [>ercentage  amount  of  Paline  substances  in  the 
saliva  is  increaped,  and  that,  so  far  as  that  cla.-^a  of  bodies  is  concerned, 
the  salivary  glamla  act  viejirioiisly  for  lite  kiitricys,  and  tlie  mouth  is  thus 
parlsaliy  eonvertC'il  into  a  urinary  aqueduct. 

The  relation  lM?tween  the  salivary  glands  and  the  kidneys  is  very  well 
shomi  al'ter  the  adminiatration  of  such  snbatancea  as  the  Reinfion  ofthc 
iodide  of  potassium.  If  five  grains  of  thia  salt  Ikj  taken  in  t^^^hJifij"  * 
piUs,  and  the  mouth  be  then  thoroughly  washed,  In  the  course  ners. 
of  a  tjuarter  of  an  hour  the  saliva  will  rtKidily  strike  a  blue  tint  when 
tested  with  nitric  acid  and  starch,  but  the  urine  will  not  show  that  reac- 
liou  until  after  a  coiisiderahle  inten-al,  perhaps  oven  an  hour  or  more.  It 
would  therefore  appear  that  such  a  salt  must  pass  again  and  again  through 
the  salivary  glands  before  it  is  finally  disposed  of  by  the  kidneys,  which 
offer  tho  only  outlet  for  its  total  removal. 

Among  the  functions  of  the  saliva  we  ought  not  to  overlook  the  influ- 
ence which  its  rapid  secretion  must  exert  on  the  state  of  tension  of  the 
blood-vessels,  an  influence  wbicli  probably  fiivors  tlie  absorption  gobig  On 
in  the  stomacli  and  intestines. 

Thus  prepared  by  mastication  and  insalivation,  the  food  descends  into 
tbe  stomach,  passing  along  the  pharjiLX,  which  dilates  to  receive  it.  The 
rima  glottidis  spontaneously  closea,  and  additional  security  ia  given  to  the 
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respimtory  passage  by  the  vatvolite  shutting  of  tlie  epiglottis.  Tbrongh 
the  ceaojtbagus  the  morspl  attvanccs  hy  ttie  contraction  of  tlte  musciiliir 
coat,  with  it  wave-like  or  undulating  motion  onward.  The  food  is  now  de- 
livered iil  theoiudiLic  oriliw  of  the  Btomach,  and,  entering  that  organ,  is  sub- 
mitted to  the  gastric  juice,  which  is  exuding  from  the  mucous  membrane. 
The  digestive  tract  ma)'!)!;  considered  as  presenting  live  prominent  rc- 
i  S'l^"'^ — '^''^  mouth,  the  plmrjTis,  the  ossophagus,  the  stomach, 
Oiii  *iigi;siive  the  small  intestine,  tiie  large  intestine.  Their  n-lative  posi- 
tion and  Hiubdivision3  arc  ilEustratod  in  Figure  3- — 1,  the 
tongue ;  2,  2,  the  pharjTi-x  ;  3,  3.  the 
oesophagus;  4,  the  velum  jjendulum 
jiahtti;  0,  section  of  the  lari'n>L ;  G,  the 
palnte;  7,  the  epiglottis;  S,  the  thy- 
roid, cartilage  \  0,  the  inodtdht  spina- 
lis; 10,  lO,  boiUea  of  vertebra";  11, 
12,  apinoui^  pvowssca  of  ditto;  13, 
cardiac  oritice  of  stomach  5  14,  splenic 
extremity;  15,  pyloric  extremity;  16, 
16,  grewtor  curvature;  17,  the  lea? 
cHrvature;  IB.  pylonis;  19,  sujicrior 
transverse  portigm  of  (luodrnuTn  ;  20, 
middle  or  perjjciulicidar  portion  ;  21. 
inferior  tranftvente  portion ;  22,  gall- 
Llnddcr;  21-1,  cystic  duct;  24.  hepatic 
duct;  25,  ductus  communis  choledo- 
chua;  26,  ilrf  apcrttirc  in  the  duode- 
num ;  27,  duct  of  the  pancreas,  emptj'- 
ing  into  ths  duodenutn  near  to  the  place 
of  cntrj'  of  the  duetus  coUimuliiB  ehole- 
'-^jIKSi  doebus;  28,  commencement  of  jeju- 
nuni:  29,  2^,  2^.  jejunum:  30.30,^i(». 
dc'uni ;  31,  ileum  opening  into  great 
intestine ;  32,  ileo-colic  valve  j  33,  jl- 
eo-eacal  valve;,  34,  cii^cum;  35,  ap- 
pendix vfrmiformis;  3G,  3(J,  the  as- 
cending colon;  37,  transverse  arch  of 
(.oloii ;  38,  flcscending  colon  ;  39,  sig- 
moid riexure ;  40,  rectum  ;  41,  anus, 
rrora  tlie  interior  or  macoUB  coat  of 
the  plonuich  ihc  gastric  juia?  exudes. 
Tiiis  tluid  may  he  lest  i>htained  foreJt- 
nmination  by  gastric  ti&tul.T  artificially 
Tte  b.n,«*^..  .r«t.  e-tabUshed  in  animals.   As  respects  Ihc 
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aepect  of  the  interior  of  the  stomach,  Dr,  Beaumont,  who  had  jin  opportuni- 
ty of  examining  it  in  the  case  of  Alexia  St.  Slartiii.  describes  AsppcLof  inu- 
it  as  of  a  light  pink  color,  its  velvety  surface  beuig  coated  ri'>rufiiijiiiacii. 
over  n-ith  mucus.  On  tlie  introduction  of  food  or  any  irritant,  lucid 
points  protrud'e  from  tlie  mucous  coat :  these  are  the  mouths  of  the  folli- 
alea  from  which  llie  juiee  exudes.  When  iit  activity,  the  temperatun- 
of  the  interior  of  the  organ  13  about  100*^  Fabr. 

The  gastric  juice  \a  a  viscid  fluid,  with  an  acid  reaction  ami  faint  odor. 
After  (iltration  through  paptr  it  is  clear  and  transparent,  and  Ttegaatrir 
poBoeeses  all  its  physiological  qualities.  The  impurities  thus  J""^"- 
separated  from  it  are  merely  old  undigested  reaidiies,  on  -whitli,  in  no  re- 
spect, its  qualities  depend.  It  does  not  become  turbid  at  212°,  remalno 
long  nndeconi posed,  and  retains  ita  digestive  power  oveu  after  it  has  be- 
come mouldy.  It  does  not  accumulate  in  the  stomach  while  fasting,  bul 
requires  a  stimulus  lor  its  ejection,  and  even  then  is  produced  in  a  limit- 
ed quantity  only.  It  13  secreted  by  the  folticlca  of  the  mucous  menibmm- 
of  tlie  stoinfich,  which  folliclew  may  1*  deflcrihcd  as  cxq»-Blmped  tavities. 
about  llic  two  hundredth  of  an  incfi  in  dimnrter,  frnm  the  bottom  of  wliich 
project  two  or  more  parallel  tubes,  the  mouth  of  the  cup  open-  jiiggecrotedbv 
ing  into  the  stomach,  and  the  tubes  ending  in  a  closed  term-  rpUicks. 
ination  in  the  tisauo  beneath.  Toward  the  pylorus  the  cups  become  deep' 
er,  so  aa  to  assume  the  form  of  a  cylinder,  and  the  projecting  tubes  arc 
shorter.  Between  these  tbllicles  blood-vessels  pass.  Ttiey  are  ramilica- 
tion-s  from  the  cadiac  axis,  and  discharge  a  double  fiiiietion.  As  the  ar- 
terial brancliea  invest  tlie  root.g  of  the  tubes,  they  fiuTiish  nutrition  for  the 
cells  which  are  produced  in  crowdfi  Ht  that  part  of  the  arrangement?  bul 
when  they  have  gained  the  interior  of  tlic  mucous  merabnuie,  and  are  iti 
ihe  ridges  hetT\'ecn  the  IbllicleB,  having  assumed  the  character  of  veina, 
they  act  as  absorbeiita,  conducting  the  material  wliich  is  Butticicnlly  di- 
gested into  the  jjorlal  circulatipii.  Agreeably  to  this,  these  vessels  have 
a  larger  diameter  tlian  capillaries  generally.  It  seems,  therefore,  that  the 
function  of  the  tube  is  the  production  of  cells,  which,  origuiating  trom 
gernn*  at  ihc  bottom  and  sides  of  each  tube,  become  perlected  a.t  Ihey  pass 
forward,  and  soon  after  their  extetision  burst  or  deliquesce,  and  as  the 
material  they  discliarge  docs  not  pOBsesa  the  a^jid  reoctiooi  it  is  probably 
the  pepsui  clement  of  the  gastric  juice. 

(hnslU-tttiau  of  the  Gattric  Jmr*  of  the  Dog. 
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STOMACH   FOLLICLES. 


The  preceding  table,  from  Ilubhenet,  sbowB  that  nearly  two  thirds  of 
pniKriUa  of  ^^  solid  material  of  the  gastric  juice  is  pepsin.  Exposure 
Ow^dtTii:  to  a  very  low  temperature  does  nat  deteriorate  the  jiropertips 
'   **■  of  this  substance,  for  it  will  resume  ita  activity  even  after  be- 

ing frozen.  But,  on  the  contrary,  a  temperature  approaching  eljulHtton 
destroys  its  Kolvcnt  power,  and  the  aame  effect  ensuea  when  it  is  neutral- 
ized by  an  nlkali. 

The  gastric  juice  acts  on  iron  or  zinc  with  evolution  of  hydrogen,  an 
effect  wliich  the  acid  phosphate  uf  lime  can  not  produce^  Tliia  Rccmf 
to  be  decisive  against  the  vicwB  of  those  physiologists  who  have  imputed 
ita  reaction  to  the  latter  substance. 

The  digestive  power  of  this  juice  is  impeded  by  the  presence  of  almost 
any  alkaline  salt.  To  this  remurk  common  aalt  ofTerB  no  exception.  It 
is  owing  lo  its  alkalinity  that  aaliva  injures  tJie  tligesiting  power  of  gas- 
tric juice.     On  the  contrary,  that  jxjwcr  is  very  nmoh  iiicrcAsed  by  the 

presence  of  fat,  which  promotes  the  conversion 

qf  protpin  bodies  into  peptones. 

The  mucous  membrane  of  the  Btomach  prc- 

E^cnts  a  reticulated  appearance,  as  shown  in  J'^iff. 

siDmacii  full)-  4.     At  the  bottom  of  each  compart- 

u'.r«r;:'"^  "'«"*  «^^  the  month,  of  the  gashric 
and  funfiioDi.    follicles,  the  size  and  depth  of  which 
increase  toward  the  pyloms.     Their  exterior  i,* 
partly  covered  with  columnar  epithelium,  which  extends  over  the  inter- 
riif.a.  veniiig  ridges ;  the  residue  ii*  glandular,  and  conlina- 

ally  gives  origin  to  granules.  The  upper  part  of 
each  fuliicle^  as  well  as  the  entire  surface  of  the  mu- 
cous membrane,  is  usually  covered  with  niucua. 

In  J^lff^  5  is  a  representation,  given  by  Todd  and 
Bowman,  of  stomach  follicles  and  their  tubes  in  a 
vertical  section.  The  specimen  is  from  the  dog  after 
twelve  hours  fasting.  A  represents  these  stnicturfe' 
in  the  middle  region  of  the  stomach ;  B  in  the  pylor- 
ic region;  a  a,  oriticef*  of  the  follicles  on  the  inner 
surface  of  the  stomach ;  b  b,  different  depths  at  whicli 
the  columnar  epttheliam  ia  exchanged  for  glandular: 
d,  pyloric  tubes  terminating  variously,  and  lined  to 
their  extremitiea  with  columnar  epithelium. 

J^ig.  6,  A,  horizontal  section  of  a  stomach  folli- 
cle a  little  way  within  its  orifice;  fl,  basement  mem- 
brane ;  h,  columnar  epithelium.  All  but  the  centre 
of  the  cavity  of  the  cell  is  occupied  by  a  transparent  mucus,  which  seeni= 
to  ha^•e  oozed  from  the  open  extremitiea  of  the  epithelial  particles ;  <■, 
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tibioos  matrix  surrounding  and  supporting  the  basement  membrane;  d, 
small  blood- vc33eJa. 

B,  liorizonta!  section  of  a  set  of  stomach  tubes 
proceeding  from  a  single  cell.  The  letters  refer 
to  correaponding  parts.  The  cpilbeliutn  la  glan- 
dular, the  nuclei  verj  delicate,  and  llie  caintjr  ol" 
the  tul»es  very  snisH,  and  in.  some  cases  not  visi- 
ble. (From  the  dog,  by  Todd  and  Bo;miEin,  aftei" 
twelve  hours'  fasting.) 

It  thus  ap[>cara  that  there  are  at  least  two  dis- 
tinct claasea  of  stomach  follicles,  differ-  Varieileiof 
ing  from  each  other  in  anatomical  con-  utomftchrol- 
Btruetion,  and,  as  there  is  now  reason  to  "^  **" 
believe,  also  in  physiological  function,  thoBC  which 
are  near  the  pylorus  yielding  a  secretion  which, 
taken  by  itaelf,  exerts  only  a.  tardy  action  in  pro- 
ducing the  solution  of  protein  Iwdies,  but  thosi' 
from  the  middle  and  other  portions  of  tlie  organ 
accomplij^bing  that  solution  promptly.  It  is  sus- 
pected that  (be  acid  of  th«  g^tric  juice  is  yielderl 
by  one  clasa  of  these  stnicturea,  and  the 
pepsin  by  the  other. 

A  general  idea  of  the  structure  of  thesf 
setTCling  follicles  may  perhaps  be  oblaltied 
by  likening  each  of  them  to  a  little  glove, 
the  liand  of  which  opens  into  th^i  Ktomacli, 
and  tlic  fingers  project  upon  the  submucous 
tissue  beneath.  From  the  Bidea  and  tip  of 
e&vh  finger,  celja  may  be  sup[H)sed  to  arise 
continufilly,  and,  as  they  are  crowded  for- 
ward,  they  undergo  development,  leaving 
the  band  in  a  perfect  condition,  and  dtJi- 
quesdng  as  they  |Wia3  into  the  stomach. 

Though  we  have  spoken  of  thcdc  folli- 
cles as  excavations  or  eup-lilic  depresaion^i 
in  the  mucous  tissue,  according  to  the  do- 
ecription  usually  given  of  them  „,.,^ij^„. 
by  anatomists,  it  is  f o  Ix  under-  stmciion  of 
stood  tiiat  this  view  of  their  con-  * " '™"''  * 
etruction  is  j^hiioaopliieally  incorrefit,  foi 
each,  instead  ol  being  a  mere  excavation,  i.- 
truly  a  distinct  <  rganism,analogouH  in  strue- 
ture  and  many  of  its  functions  to  a  polypt. 
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The  hT^ra,  a  fresh-water  polype,  may  Ije  taketi  as  the  tjpe  of  this  oigan* 
ism.  This  aninial,  J^l^,  7,  consists  of  a  bag  or  digestive  sac,  a  a,  cnd- 
iitg  in  3  cylinder,  b^  tlie  opening  to  wEiich  is  funushed  with  imiiierous 
tentacles,  c  c  e ,'  the  tentaclea  enfold  in  their  grasp  otyecta  on  which  thu 
tiydra  foods,  and  by  tlieir  contractions  carry  ibem  to  tlie  Bac.  Into  the 
iriterior  of  the  wic  a  juice  exwdes  poaaeasLng  digestive  powers,  and  soon 
dissohnng  food. 

We  may  therefore  regard  the  follicular  structure  of  the  stomach  a&  a 
colony  of  jmlypce,  the  tentacles  of  wf»ich  are  converged  into  s  muscidar 
tnlje,  constitutuig  the  oesophagus.  In  a  stomacli  of  ordinary  size  there 
arc  pruhaLly  a  milliou  of  these  organisms.  Digestion  is  aDdouljte«By 
winducted  on  the  same  physical  principles  in  botli  cases,  thongh  in  tlie 
polype  tJie  foot!  matter  enters  the  follicular  cavity  of  which  tlie  body  of 
lluj  animal  consietSj  but  m  man  is  contained  in  the  stomach,  into  which 
the  follicles  o|Mjn^  and  pour  forth  their  digestive  fluid- 

With  respect  to  the  acid  constituent  of  the  gastric  jiiice,  it  appears  to 
be  hydrocliloric  or  lactic.  The  Utter  has  probahly  originated  in  the  man- 
ner just  de«icril>ed  hy  the  action  of  the-  salira  on  amylaceous  bodies ;  ihft 
former  iin doubt cdly  coincg  from  the  coimnon  salt  ingf-sted.  Perhaps,  vin- 
drr  a  dcfitiwicy  of  conmioii  salt,  lactic  acid  disdiarges  the  entire  dnty. 
Schmidt  regards  the  digestive  principle  as  a  conjugated  acid,  the  n^a- 
tive  cnnstitiicrit,  being  Iiydriicldoric  ncid,  and  |>epgin  being  Ihc  adjunct, 
the  comiMiund  bfing  analogous  to  ligno-sulpliuric:  acid.  About  twenty 
ifuNtttky  of  part*  of  gasJric  juice  arc  required  to  dfge-st  one  part  of  dry  al- 
(•Jifricjuiw.  liiutn-ii,  and  abuiit  70  ounces  arc  secraied  in  a  djiy.  If  the 
Iwmrly  destnictlon  of  librin  in  average  muscular  action  is  62  grains,  about 
60  ounces  of  gaPtHc  jnicc  would  be  required  each  dsy  for  mnsciilar  repair. 
A  very  large  demand  ia  therefore  made  upon  the  water  in  the  system  for 
thia  use.  But  here  the  same  remark  is  to  he  made  as  in  the  case  of  the 
amltva;  the  wiiler.  after  accompHahirg  its  object,  is  not  loat  to  the  econ- 
itTny,  but  IB  immediately  reabsorbed. 

It  was  remarked^  in  speaking  of  the  salivary  glands,  tliat  their  boctc- 
uenpiUMi  ^'°"  pasBCs  Kpeatcdly  throogli  them,  the  saliva,  as  it  exudes, 
M^^utmxtn.  being  aWidlowed,  reabsorbed,  ami  so  BPcrcted  over  and  over 
ihrwrti'^  again.  In  these  repeated  passages,  many  salt  substances, 
•tonacfa  tolll-  fluch  as  the  torlide  and  bromide  of  potassium,  will  accompany 
it, tiiekidneys,liowcrcr,eventualIy rcmovingsuch  extr&neOoB 
bcM]irR.  In  tike  manner,  heterogeneous  matters  will  make  a  repeated  cir- 
OttUtion  through  the  gastric  folhcles  before  a  final  removal  by  the  kid- 
tteyu.  When  the  latter  organs  have  been  extirpated,  the  constitueuta  of 
(IipJr  Mcrelion,  such  as  ureji.  may  appear  in  the  stomach, 

( hi  the  dp|Krtil  of  the  foi  d  in  the  stomach,  a  movement  of  Imn&Ialion 
m  tflv<)Ti  to  it  by  tlu;  alternate  contraction  and  relaxation  of  the  fibres  of 
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the  muscular  coat,  aided  to  a  con3ic]<'rfible  extent  by  the  respiratory 
iDDvenients  of  the  aUlominal  walk.  The  course  of  liiis  ro-  Motion*  *f  ihe 
tatioa  cominouly  i3,  (!mt  after  passing  the  cardiac  orifice  the  ft>*«i  in  tfco 
food  moves  from  right  to  left  round  the  great  extremity,  and  '  ™"  ' 
then  along  the  large  curvature  from  left  to  right,  returning  along  the  small 
curvature,  and  occupying  trom  one  to  three  miimtea  to  ]>erform  this  revo- 
lution, the  motion  continuing  for  a  lew  minutes  at  a  time. 

"While  this  is  going  forward  digestion  is  rapidly  taking  place,  and  the 
porttons  which  have  suffered  complete  action  arc  oozing  through  the  py- 
loric falve  into  the  intestine  as  a  semi-fluid  and  apjiarcntly  PormaLian  or 
homogeneous  material  called  chyme.  This  process  tias  fairly  '^^y'"'^- 
set  in  in  the  course  of  an  hour,  and  is  iisCially  finished  in  about  fdur. 
In  consistency,  color,  and  chemical  reaction,  the  chyme  varies  with  the 
nature  of  the  food,  its  chemic-al  constitution,  and  its  quantity;  but  under 
common  circumstances  it  presents  the  acrd  reaction,  for  it  is  to  he  remem- 
bered that  tlie  diurnal  sujiply  of  hydrochloric  acid  to  the  stomach  is  aboui 
the  fifth  of  an  ounce.  Arrived  in  the  intestine,  the  chyme  is  pushed  for- 
ward by  the  peristaltic  mov^ements,  and  soon  after  its  appearance  in  the 
duodenum  is  mixed  with  several  important  fluids^ — the  bile,  which  is  fur- 
nished by  the  liver;  the  secretion  of  the  pancreas!,  and  the  enteric  juice 
which  is  exuding  from  Bninncr's  glands. 

The  digestion  of  the  albuminous  part  of  the  food  commences  in  the 
■toraach,  and  in  that  cavity  advances  fer  toward  completion.  Summary  <" 
The  action  is  not  merely  for  the  purpoac  of  bringing  those  ^^g^ion  b- 
substances  into  a  state  of  solution  in  water,  but  also  of  modi-  0;">  "mmiofc. 
fying  them  chemically.  Tliis  change  is  bo  well  marked  that  it  has  been 
found  espcdicut  to  indicate  it  by  a  designation,  and  hence  we  speak  of 
albumen  peptone,  fibrin  [>eptone,  casein  peptone.  Tliese  peptones  are. 
for  the  most  part,  absorljed  by  the  blood  capillaries,  though  a  portion  of 
them  enters  the  circulation  as  a  constituent  of  cliyle.  In  the  system, 
whatever  their  origin  may  Ijave  been,  they  seem  to  revert  to  the  state  of 
blood  albumen.  But,  though  the  production  of  these  peptones  is  accom^ 
plished  to  the  extent  that  has  been  mentioned  in  the  stomach  by  tJie  gas- 
tric juice,  the  action  is  continued  and  brought  to  its  completion  in  the 
small  intestine  by  the  aid  of  the  intestinal  juice.  It  does  not  appear  that 
the  large  intestine  participates  in  this  duly,  aincc  portions  of  coagulated 
albumen,  or  of  flesh  introduced  into  it  through  tistulous  openings,  arc 
voided  through  the  rectum.  • 

Such  is  the  general  description  of  the  act  of  digestion.     We  have  next 
to  enter  on  a  physical  examination  of  what  it  Js  that  really  innocnreof 
takes  place  in  the  stomach.     It  was  formerly  supposed  tliat  ttiom-nesm) 
■digestion  is  entirely  due  to  nervous  agency,  since,  if  the  pneu-     "**  ""^ 
■mogastric  nerves  be  divided,  the  process  is  very  much  interfered  with. 
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But  this  interference  lakes  place  only  in  an  indirect  vray^  for  the  Be-ction 
of  tbo&c  nerres  is  attended  with  audi  a  paratj'sia  of  the  stomach  that 
those  rnovemetita  which  so  ivcU  serve  to  mix  up  the  food  wilh  the  gas- 
tric juice,  and  espici  it  through  the  pyloric  valve,  are  put  an  end  to. 

Bidder  and  Schmidt,  from  an  examination  of  four  doga  with  ga.slrtc 
ji.|^^.,j,f^pj^j„ij  fistulas,  demonstrated  tlrnt  the  section  of  the  pneumogastTic 
of  tiie  pm-uuio.  uErvcs  does  not  exert  that  influence  on  the  secretion  of  the 
?«■.  g^g^j^^.  jui(.g  wiiich  had  been  formerly  supposed^  for  both  in 
quantity  and  composition  it  remained  the  same.  Even  in  those  cases  in 
which  both  they  and  others  have  observed  a  diminution  in  its  amount, 
the  result  ought,  probably,  to  be  referred  to  the  shock  given  to  the  entire 
Bysteni  by  the  severity  of  the  operation. 

The  acidulating  material  of  t!ie  gastric  juice  is  hydrochloriic  acid,  la 
it  possible  by  artificial  mixturcB  containiMg  that  8ul>atance  to  reduce 
food  ariieles  to  a  digested  condition  ?  This  inquiry  introduces  a  descrip' 
tion  of  tlic  experimental  iuvcBligaliona  which  have  been  made  in  artilicial 
digestion. 

When  water  acidulated  with  Iiydrocliloric  acid  is  kept  in  contact  with 
Arfiiidd  itu  sJbunien,  no  action  is  |icrcGptible  at  ordinary  temperatures  in  a 
KMiiaii.  moderate  period  of  timc^  If  t!ie  temperature  is  raised  to  about 
150°  a  slow  dissolution  ensues,  which  becomes  better  marked  as  the  beat 
risea  towa-rd  212"=. 

But  if  to  the  weak  hydrochloric  acid  thus  made  to  act  on  albumen^ 
pepsin  \3  added,  the  solution  takcB  place  with  rapidity  at  moderate  tem- 
peratures. An  ounce  of  water,  mixed  wilh  twelve  drops  of  hydrochloric 
acid  to  which  one  grain  of  pepsin  has  been  added,  will  completely  dis- 
*iolve  the  wliite  of  an  egg  in  two  hours  at  a  temperature  of  lOO*^,  It 
acta  ill  tlie  same  manner  on  cheese  or  flesh,  these  nitrogenized  articlca 
Iwiiig  converted  into  soluble  non-coagulable  bodies.  The  acid  docs  not 
t'nler  into  chemical  coinbiiintion  with  the  dissolving  organic  matter.  It 
may  be  recovered  from  the  solution  by  resorting  to  proper  processes. 

When  striated  muscular  tissue  ia  submitted  (o  artificial  digestion,  it  is 
Anifidai  di-  ^^^^  divided  into  its  constituent  fasciculi,  and  the  transverse 
^iiiuitofmm-  striffi  then  disttpjiear,  the  sarcolemma  being  destroyed.     Tliaj 

course  of  the  action  seems  to  be  the  same  in  natural  diges 
tion.  In  the  ftccal  matter,  ahrcda  of  muscular  fasciculi  atill  bearing  their 
strifllion  may  be  discerned.  These,  having  by  chance  escaped  solution 
during  their  sojourn  in  the  at^mach,  have  passed  through  the  whole 
length  of  the  digestive  tube  unclianged. 

Pepsin — the  Bubatance  resorted  to  in  these  c^jwrimenfs — may  be  ob- 
tained by  inaccraling  l!ie  mucous  membrane  of  the  stomach 

Pep*ln,  prep-     ,  ,  •  .       ,     ,  rr.i  -  ,  •   i 

iwticn  and  Kt  a  filiort  time  m  lukewarm  water.  Una  water,  along  with 
prujjorUis  of.  ^  ^^^  of  the  pcpsiQ,  Temoves  various  impurities ;  it  may  there- 
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fore  be  cast  away ;  the  tnaceralion  being  then  continued  with  a  iVeaU  por- 
tion of  cold  water,  and  this  being  eubmittcJ  to  filtration,  and  stlbser|uent- 
ly  evaporated  at  a  low  lemperature  to  diyjieas.  yields  the  pepsin  as  u 
^inmy  mass.  From  ita  solutions  pepsin  may  be  precipitated  by  corro- 
sive sublimate  or  acetate  of  lead,  and  it  may  be  eeparated  from  those 
combinatiotis  by  suljiiiuretud  hydrogen.  Wasmann  availed  Eiimsclf  of 
this  fact  to  obtain  it  in  a  pure  state. 

Chiiipoatim  of  I'fpm.    (_Fnna  Schmidt.) 

Carbon C30.00 

Hydrngwo 67.00 

Nitrijgen 178.00 

Oxjycn , g2f..0O 

ilXHI.Of) 

Prom  this  it  would  appear  that  it  contains  Icaa  carbon  aud  more  nitro- 
gen than  the  memWrs  of  the  protein  group. 

A  weak  acid  therefore  possesses  at  a  high  temperature  the  power  of 

brineinEr  into  a  state  of  eolution  the  various  nitrojrenized  food  ,.     . 

11  r   1       --    1  l'o]iBin  re- 

matters,  and  at  lower  degrees  laila  of  that  property;  but  ju  |iUlii«  ahtgli 

the  presenile  of  pepsin  the  Bolvent  powers  are  assumed  un-  '^'^"il"-'''""^- 

der  the  latter  cireuni stances,  and  therefore  it  is  said  of  this  suhataiice 

that  it  replaces  a  high  icm|>eraturo.      Hy  ita  aid,  hydrochloric  or  lactii; 

acids  prcaciit  in  t!ie  stomach  reduce  the  food  to  a  unilbvni  pnlpy  mass 

— the  chyme.     Of  all  acids,  these,  however,  alone  are  capable  of  forming 

digestive  fluids. 

Formerly  it  was  aupposed  tliat  the  act  of  digestion  was  simply  me- 

chanieal,  the  food  beine  CTOund  down  to  chyme  by  the  mo-  „ 

'  I         ,  -  111       RcJtumuraex- 

tiona  of  the  slornaeb.     Keauniuvs  experiments  sJiowed  the  pcrimcniswitli 

error  of  this  eupposition.  He  took  small  hollow  silver  balls,  "'^''''-'^ 
perforated  willi  holes,  and,  having  tilled  them  with  meat,  caused  them  to 
be  swallowed  by  a  dog.  When  they  had  remained  in  the  animars  stom- 
ach a  suitable  length  of  time,  they  were  withdi-awn  by  a  thread  whidii 
had  been  pi'eviously  attached  to  them.  Now  if  the  S'tomach  acted  by  a 
triturating  or  grinding  power,  the  material  within  tlie  ball  would  be  cti- 
tirely  protected,  but  if  by  a  solvent  power  exerted  by  the  gastric  Juice, 
tlie  digealion  should  at  most  be  only  delayed,  Accordingly,  it  was  found 
that  this  WiJS  what  actually  took  place,  digestion  being  fully,  though  mon- 
alowly  accomplished,  the  action  commencing  on  the  outside  of  the  uiate- 
riaL,  and  gradually  reaching  its  centre.  If  the  balls  were  kept  in  the 
stomach  long  enough,  they  came  out  quite  empty  at  last, 

The  idea  that  there  is  something  more  than  a  simple  solution  of  tlie 
Ibod  efiecled  In  the  stomach,  that  some  mysterious  change  is  Chief  ohjeci  or 
impressed  upon  it  by  the  vitality  of  that  organ,  may  there-  Lio'"u"L''io!'^ 
lore  be  abandoned.      It  does  not  appear  that  there  is  any  es-  [iunufiUefood. 
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sentifil  difference  between  natural  digestion  and  the  artificial  imitation  of 
it,  eitlier  as  respecte  the  order  of  nctioii  or  the  final  result.  Jloreover, 
the  anatLiniical  consideration  tliat  the  food  is  yet  outside  the  body,  though 
it  IB  inside  the  stomach,  should  Ixj  eutiicient  to  remove  all  errors  of  that 
kind.  A  living  surface,  such  as  tlie  skin,  never  eserts  any  chcinical  ao- 
rion  at  a  distance ;  and  the  lining  membrane  of  ihe  slonifvch,  troth  as  re- 
^^ards  its  physiological  origbi  and  its  anatomical  relation,  is  nothing  moir 
than  a  reflected  continuation  of  tlie  skin.  The  act  of  digestion  is  com- 
pleted long  before  the  nutrient  mat'eria!  is  taken  up  by  the  lacteals  and 
veinjs.  and  thrown  into  the  torrent  of  the  circulation.,  But  then,  and  not 
[ill  then,  is  the  food  fairly  in  the  interior  of  the  body. 

The  Incteala  and  veins  can  not  exert  their  absorbent  action  on  a  sub- 
stance presentiHl  to  them  unless  it  is  dissolved  in  water.  If  not  abso- 
latcly  dissolved,  at  least  it  must  be  in  that  condition  of  minute  subdivis- 
ion which  we  see  in  emulsions-  Though  it  lias  been  statefl  tliat  hisolu- 
ble  Substances,  such  as  charcoal,  can  tind  their  way  into  the  circulation 
in  the  &i>lid  state,  there  docs  not  apj>ear  to  be  a  sufficient  weight  of  evi- 
(icnoe  to  Support  such  art  improbabilitv'.  In  llio  economy  of  plants,  it  ig 
In  pUntii,  IB  *  general  rule  tliat  nothing  can  have  access  to  the  interior  of 
nnuwnt  nate-  theiT  svstcm  exccpt  it  be  dissoU*ed  in  water.  jVU  the  vari- 
'«lMti)KilB  w».  005  gases  anu  saline  sabstances  they  require  are  obtained  in 
*'*  a  state  of  solution:  the  former  are  jnirotlueed,  for  the  mont 

(Mirt,  through  the  leaves,  iJic  latter  through  the  roots.  The  object  aimed 
at  in  the  construction  of  the  digestive  apparatus  of  the  animal  mechanism 
is  absolalely  the  same.  Plants  use  as  tlkrtr  food  inoi^sic  matter  only ; 
the  cKiet' materiaU  on  whirli  tWy  depend,  such  as  the  i^ts  of  amtnonia 
and  carbauc  ftod,  t»  abundantly  soluUe  in  water.  Th«  ascf^Jing  up 
obtatiis  tb«  fiamer  irom  decaying  oxgwiic  residues  in  tbe  gnmnd ;  the  at- 
moBfJUBn  pnouits  the  latter  uneead^^  to  the  leaves;  and  nnce  the 
eecnomy  of  many  plants  reqtiixeft  cuthy  salts,  as  siUeates  and  phoe- 
I^Htcst  wluch  are  nf  sparing  solubility  irt  water  tite  difficnity  Bliaing  froto 
ihil  wanl  of  solubility  ia  avoaded  by  the  intntduccioB  of  an  imtnewie  quan- 
titf  oi  water,  wbicK  «^  biiu^ii^  into  the  plant  the  ncedtfbl  amooni  of 
™^»«^^  matenal,  is  c^itporatnl  otf  at  the  leaves.  Bat  the  food  of  animals 
is  weeatially  or^rautc*  a»i  this,  bcAwe  it  can  be  received  into  their  Uood, 
onat  be  bnnigfat  into  the  dbaoKed  state.  It  mnst  be  mbcoitted  to  a  pre- 
paatQcy  opecatkn  or  aana  ef  iqpcntioM^  Uovevar  conptieated  these 
T>i  iiiMSfci  or  tht  BKfaHiisni  mhiA  aeeooqilidWB  thm  nay  be.  the  «ad 
— **y  "y  ainad  al  ia  dear.  The  actiou  bepns  by  tbe  euttiug.  teaiin^ 
ilwiwi  >!■  iB^  cnsku^  noTcnenta  of  the  Mctk  whkh  fcteak  down  aQ 
'*''  tha  hi^  [wrtioaB,  and  cany  on  tlw  pioeees  as  far  as  it  ia 

poanble  br  "T-Hni'nl  awaaa.  The  Btonack  tlwn  eoMiaow  ^  esfadl- 
vuioa  by  eheaacU  agancy,  to  the  end  that  a  oooditioa  of  sofaitioo  auy  be 
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attained.  Digestion  Is  not,  therefore,  to  vitalize  the  footl,  as  the  ancients 
supposed,  nor  tn  comnmnicate  to  it  any  new  or  obscure  projterties;  it  is 
t'or  tlic  j3ur|)ose.  ot  coinniinuting,  Rubdividing,  dissolving,  or  bringing  it 
into  that  minutely  suBpemled  atate  that  it  can  without  diiSculty  submit 
to  the  absorbing  action  of  the  iaet^;al8  and  veins.  There  is  a  cioraplcte 
analog^"  between  this  oix'ration  and  tlie  artificial  processes  to  wliich  tlie 
chemist  rcaortfl  in  h\a  laboratory  for  the  solution  ofvariouB  bodies.  He, 
too,  usea  mechanical  implements — the  mortar  and  jH?atle  to  grind, the  ham- 
mer to  crush,  the  rasp  to  abrade.  When  these  have  carried  the  snbdi- 
\Taion  sufficietitlj  far,  he  resorts  to  acida  or  other  aolvents,  and  tlius 
breaks  down  the  compactnesa  of  the  hardest  tnitir-Tals.  arid  brinijs  them 
into  the  dissolved  state.  TliR  animal  world  presents  us  witfi  a  tjjousaud 
jUnstrations  of  the  principles  here  set  forth,  meidianical  contrivances  curi- 
ously arranged.  For  instance,  bin-la,  ivhow;  pbin  of  organization  is  such 
as  to  meet  the  case  of  locomotion  tlirough  the  air,  could  not  have  the  an- 
terior part  of  tbeir  bodies  loatled  with  teeth,  accompanied  as  they  muet 
have  been  with  a  powerfiil  muai^ular  apparatus.  Such  a  mechaniain 
would  have  renjfred  the  animal  top-heavy»  annl  won]d  have  lieen  totally 
inconsistent  with  flying.  But,  to  avoid  this  difHculty,  tJuit  which  might 
Irtily  be  regarded  as  the  month  is  lodged  in  tlie  interior  of  the  body,  nearer 
the  centre  of  gravity.  It  'm  the  gixzard.  Instinct  teaclios  the  bird  to 
swallow  small  angular  stones,  tmtl  the  fortd,  raapcd  li>etween  powerful  mus- 
cular aurfacea,  is  soon  brought  into  a  fit  condition  for  the  action  of  tiie 
stomach.  The  chemist,  too,  pnta  fnigmenta  of  ginsK  or  of  (juartji  into  the 
morJar  in  which  lie  is  conducting  the  reduction  of  a  toiigli  or  resiatmg 
aubstancc. 

The  first  object  of  digestion  ia^  therefore,  the  enbdivision  of  the  food. 
The  ojjcration  begin3  in  the  mouth  by  a  resort  to  mechanical  implements, 
and  when  theae  have  carried  the  process  as  far  as  they  can,  the  stomach 
continues  the  duty.  In  its  cavity,  when  in  full  activity,  the  temperature 
IS  100'^;  a  periodically  increasing  and  relaxing  motion  of  revolution  ia 
kept  up,  gastric  juice  exudea  in  definite  quantity,  the  liydrocliloric  and 
lactic  acids  exert  their  action,  and  in  the  course  of  three  or  four  Uaurs 
a  complete  reduction  is  accompli  a  lied. 

Allusion  has  been  made  to  the  probability  that  different  portions  of 
the  mucous  membrane  of  the  stomach  discharge  fiinctions  RegicmuMivls- 
which  are  wholly  diAtiiict,  one  portion  being  devoted  to  the  j|^,^h  fo'f'',hffr"' 
elaboration  of  jjcpslti,  another  to  the  secretion  of  hydrocWo-  eiitfuuciiom. 
ric  acid,  another  to  the  preparation  of  a  epecial  mucua.  This  view  de- 
rives considerable  support  from  m.-iny  facts  in  comparative  physiology. 
tn  those  casea  in  which  the  food  approaches,  in  its  mechanical  and  chem- 
ical condirion,  lo  the  form  which  it  is  destined  to  assume  as  a  port  of  the 
body  of  the  animal  receiving  it,  the  stomach  is  simple  in,  construction. 
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and  is  little  more  than  a  mere  dUalation  of  tlie  alimetitary  canal.      But 

An*ioEoii»  •r-   when,  as  among  the  herbivora  and  granivora,  ng-  >- 

Sifftreni«aU     ^^ere  is  a  great  difference  between  ihc  forni 

>iu*l>-  of  the  tbod  received  and  the  furm  of  the  tis- 

Buca  to  be  made,  tiie  digestive  eoc  no  longer  presoats 

Buch  a  simple  structure,  but  ia  parted  off  into  distinct 

Tv^gions,  or  \s  achially  converted  into  distinct  organs. 

Thus,  in  the  insect  digestive  tract  shown  in  J^iff.  6, 
Hi  »tiyt>cmn  ^  ''^  '^"^  phai'^nx,  A  rbif:  <c8oph«gus  lead- 
r»riirn-iii!i  of  jng  into  a  croji  or  insalivHtory  poucli,  r,  and 
ihmcia.  jjj^j^^  j^j^  jjjg  gizzard,  d,  the  function  of  whicli 

ia  to  rasp  up  and  abrade  the  more  rtisistinp  poriiona  of 
the  food,  which,  when  this  is  accomplished,  jjat^sea  into 
the  tmc  fltomach,  e,  and  (rom  thence  Into  the  intestine,  ff. 
The  delicale  vessels  about  y  are  supposed  to  be  biliarv 
tubes,  and  A  glandular  accreting  organs. 

Even  in  thcsft  cascfl  of  minute  organization,  the  mu- 
ccua  stmcttire  ^?main8  the  sainc  as  in  larger  animals  of  the  same  mode 

of  life.  The  photographic  representa- 
tion in  J^iff.  i)  di.«play8  the  saint!  retie- 
ulatcrl  appearance  in  the  stomncli  of 
tlic  caniivornua  beetle  as  has  licen  de- 
scribed in  the  case  of  tfiat  of  man ; 
and  undoubtedly,  wilh  siniilaritj  of 
stnicturc  ihere  is  siniJlaritjv'  in  the  mao- 
ner  of  aciion. 

A  regional  division  of 
tlie  digi'stive  apparatus 
is  also  pre-scnlcd  in  the 
case  of  many  birds,  aa 
is  showTi  in  the  pfiotO' 
graplitc  representation, 
Mff.  10,  in  whidi  w(!  have  the  digestive  tract  of  the  com- 
ni;i..Miv.rom.  "">"  ^"wl.  a  Itcing  the  tesophagiiB  leading 
[Mrtmi-ttu  »rf     into  the  insalivating  jxiucli  or  crop,  i, 

whieh    empties   iinto   the  stomadi,  c. 
)U)d  this  into  the  gizzard,  d.     In  the  stomach, 
which  ia  relatively  small,  llie  digesting  material  trj 
ia  mingled  with  tlie  ^stric  juice  before  being 
■mbmltlcd  to  the  action  of  the  gizzard.     From 
the  gizzard  it  ia  paa^ed  into  the  small  intestine 
/:,/•    In  the  figUK, « ia  the  liver,  gf,  ^,  the  coeca, 
and  A  the  cloaca.  p,^,,,  ,^,  „,  ,^  „„„^  ^^ 
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In  the  ostricli,  as  shown  in  /('y,  1 1,  the  local  dwiribution  of  tbe  glan- 
'V  II'  duUe  very  obviously  inarkB  out  a  regional  dis- 

tribution  of  function.  0  is  the  cardiac  cav- 
ity, the  mucous  membrane  of  which  is  stud- 
ded here  Mid  there  wiUi  glands :  G  G  are  the 
surfaces  of  the  gizzard.  Among  the  higher 
quadrupeds,  the  evidences  of  a  Biniilar  divis- 
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taleHnr  ofilnnucli  of  ATiit'iLri  mlrich,  Btamatli  uf  do  fmoUBr.  Blom^ch  ofO^u  hirm. 

iofi  of  function  are  presented.  Thus,  in  the  tlormousc,  ^i^.  12,  there  are 
two  compartment* :  a  cardiac,  C,  and  a  pyloric,  P ;  the  same  piKesiivn  com- 
being  exhibited  more  perfectly  in  the  Cape  liyrss,  I^i^-  13.  parimenu  uf 
In  the&e  cases  the  cardiac  compartment  is  often  lined  with 
cuticle,  but  the  pyloric  not.  An  increase  in  the  number  of  these  cavities 
occurs  as  the  food  becomes  more  heterogeneoua.  In  the  porcupine.  Fig. 
14,  thtrc  are  four,  and  in  the  porpoise,  i'Vy.  15,  five.     Tho  stomach  of 

Fi!t.  I*.  Fit/.  '^  '■'!'■  ^"' 


fllomaeli  ol  purciipluc  Sbimacb  nf  poipolBi,  StomaEli  or  lianevi:io^ 

the  kangaroo,  aa  shown  in  Fi^,  16,  posseaaes  a  multilude  of  these  cham- 
bers or  compartment::^,  and  tlierefore  oflfers  a.  good  illustration  of  the  fiub- 
dirisiona  of  stomach  digestion. 

Fiv- 1'  Tho  ease  of  ruminants 

possessea  a  special  inter- 
est. In  these  there  arc 
what  might  be  termed 
four  different  digestive 
chambers,  as  is  shown  in 
Fig.  17,  in  which  a  is  the 

IMK«UTee>vUleiortnimliii>iiL  OCSOpUogUS  ;    £,  tllC  inglb.- 
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vies  oT  paanch;  c,  the  reticulum  or  honey-comb  alomach;  d,  the  omasum, 
D"  li-MMBi  ™^"ypl'P'*'»  ^T  third  Btotnach;  e,  abomasum,  reed,  or  fourth 
pariniencs  of  stoiusch  ;  and  f,  the  pylorus.  The  food,  roughly  tjituTat«d 
nuaiimnts.  ^^  ^j^^  mouth,  cntcTs  thc  Ingluvics,  in  which  it  is  moistened; 
it  then  passes  iPto  tho  honey-comb  or  second  stotnscb,  which  likewise 
reoeiveB  directly  the  water  that  has  heen  taken,  and,  after  it  has  Iwcn 
thoroughly  muistcncd  therewith,  it  is  returned  to  the  mouth  in  Bomll 
portions,  to  undergo  a  tnoTe  complete  mastication  and  insalivalion.  Be- 
ing swallowed  agaii^  it  is  now  directed  into  the  third  sloraach,  from 
which  it  passes  into  thc  fourtii.  In  this  it  i3  suhmitted  to  a  true  acid 
digestion,  a.  gastric  jmce  Leing  Bccreted  from  the  walls  of  this  cavity.  It 
is  thfl  mucous  lining  gf  this  cavity  which  yields  rennet.  That  these  cotn- 
plicalcd  motions  and  these  successive  actions  of  the  different  cavities  iuv 
for  the  purpose  of  preparation  for  the  true  digestion  of  the  fourth  stom- 
acli,  is  clearly  proved  by  the  fact  that  in  thc  calf  the  milk  passes  directly 
into  thc  aboinasum. 

Sin(K  fishes  and  water  animals  geaerally  have  no  aalivary  glands,  or 
DisesiUih  "^"'^  ru<hmentary  ones,  some  physiologists  have  inferred  that  the 
id  &tht%.  nae  of  the  saliva  is  for  the  comrainghng  of  tlic  food  with  a  due 
portion  of  water.  This  would  reduce  the  importance  of  insalivationvery 
greatly,  atid^  iiiclced,  13  scarcely  consistent  with  the  elaborate  tncchani<iin 
which  has  been  just  described  in  the  case  of  ruraiuont  animals.  It  is 
worthy  of  reniark  that,  even  among  fiphesT  there  arc  some  which  exhibit 
a  true  rumination,  as,  for  example,  the  earp.  This  la  not  alone  for  the 
purpose  of  resubmitting  the  food  to  (he  abra*Iing  action  of  the  pharyngiaa] 
teeth,  but  likewise  for  commingling  it  with  the  aecretion  of  the  pharyn-' 
gcal  canity. 

In  Wcw  of  the  preceding  facta,  it  may  Iw  concluded  that^  so  far  ftcm 
ihcro  being  any  thing  in  contradiction  (o  tlte  doctrine  that  different  por- 
tions of  thn  digestive  Rurface  of  the  mucous  membrane  of  the  stomach  are 
devoted  to  different  duties,  there  ia  strong  evidence  in  support  of  its  truth. 
derived  partly  from  the  instances  furnished  by  comparative  anatomy,  and 
partly  from  the  anatomical  structure  of  the  gastric  mucous  membrane. 
Thc  four  separate  digesting  ehambera  of  the  ruminating  herbivora  are 
merely  an  elalwration  of  the  structure  which  ia  presented  by  an  appar- 
ently homogeneoug  mucous  surface  in  man.  But  that  this  mucous  sur- 
face is  in  reality  heterogeneous,  and  in  different  regions  pogae^se?  differ- 
ent powPT)*,  is  shown  by  the  tact  that  at  one  part  it  presents  mucous  fol- 
Ro  oTi  1  func  ^'^'^^'  *'  another  pepsin  follicles,  at  another  foUiclea  for  the 
ilnnnnf  human  eccretion  of  hydrochloric  acid.  As  wc  approach  toward  the 
ounii   .  pylorus,  the  exiatoncc  of  a  new  function  is  betrayed  by  the 

ap^oearnnce  of  a  new  mechanism — the  villi,  which  have  been  ao  well  stud- 
ied by  Dr.  Neill,  and  this  ia  even  indicated  estumally  in  the  posterior 
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18,  showing,  according  to  Profesg- 
or  RctJsiuB,  that  the  antrum  py- 
lori of  tlie  older  anataniists  is  re- 
ally a  special  corapartinent  of  thr 
g«neral  taivity.  The  tigure  is 
derived  from  numerous  examin- 
ations of  the  stomach  in'' bodies 
of  middle-aged  women,  pud,  as 
represeuteil  at  (^  c,  d  (I,  indicates 
tJiP  antnini  pylori,  <t  being  the 
cesophagU!*,  i  tJie  cardiac  orilicc. 
The  antnuii  pylori  is  distinguish- 
ed by  grcjittT  tliickuesa  of  its  nms- 
ciilar  coat,  more  copious  glandu- 
lar devc?'lopment,  and  the  presence 
of  thf  -well-known  plicre  finitimta\  The  commencement  oi  the  duode- 
num also  forms  a  aix-cial  rounded  cavity,  which  Professor  Retzius  pro 
poees  to  jiainc  antnuii  duodetii,  characterized  intertmlly  by  the  absence 
of  valvultt?  oonoiventes,  and  by  the  dense  array  of  Bnuiiicr's  glands  be- 
neath its  mucous  meuilirfuie.  This  part  oonatitutos  what  has  been  called 
the  fomlh  stomach  in  the  porpoise  and  some  other  celacetina.  The  so- 
called  ligaments  of  the  pyloius  are  connected  with  the  formatiou  of  the 
iintrum  pylori. 

It  has  been  remarked  that  the  first  aim  of  digestion  is  the  procuring  of 
the  foo<l  either  in  a  dissolved  state,  or,  at  all  events,  in  a  con-  uijrejtion  ac- 
dilion  approat-hing  thereto.     Bui,  in  addition  to  this,  pro-  totmiiUiwi  «>- 

,•11  ■        1  ■■    1        T  1  -1    lalion  BH'l 

fouiid  coanges  m  the  very  miture  ot  the  digegtcu  matenai  tiiPiamorphoris 
must,  in  an  incidental  way,  be  constantly  occurring.  Thus  °'  '■*"'  ^"*''''- 
the  action  of  saliva  is  to  produce  lactic  acid  irom  starch,  and  thus,  in 
the  stomach  itself,  starch  is  transmuted  into  sugar.  In  some  eases  the 
Krat  stage  of  digestion  seems  to  be  actually  the  reverse  of  what  has  been 
licre  set  fortlu  Milk,  wiien  received  into  the  stomach,  undergoea  coagu- 
lation,  and,  in  like  manner,  so  also  does  soluble  albumen.  But  these  arc 
only  ineidentnl  changes,  the  temporary  solids  thus  produced  soon  liqne^ 
fying  as  proper  digestion  st3tp  in.  Thefc  is  reason  to  believe  that  all  the 
protein  bodies  are  passed  into  the  condition  of  albumanose,  and  this  though 
they  may  have  been  introduced  in  the  liquid  state.  Even  soups  and 
UrotJis  require  to  he  digested.  A  solution  of  gelatine,  after  g  ^^  ^,^^^ 
It  has  been  in  the  stomach,  refuses  to  gelatinize,  a  aolution  grs  of  the  fwd 
of  albumen  to  twagulate-  The  circumstance  that  gases  may  ||"i".iuns^ond 
be  evolved  from  digesting  nsateriul,  both  in  the  stomach  and  assiniilaUonof 
intestine,  la  a  sufficient  proof  that  that  material  is  nndergouig 
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a  more  or  leas  extensive  change.  But  these  changes  are  ahogethcr  iusig- 
nificant  wlien  compareii  with  those  great  tnetamoriihoaes  which  the  no- 
trieiit  material  pusses  through  at'ler  it  has  been  absorbed  from  tJie  digest- 
ive caWlics ;  and  doubtless,  at  the  most,  they  arc  only  meTe  subdivisions. 
of  which  the  splitting  of  the  sugar  or  starch  atom  into  lactic  acid  may  be 
taken  as  the  tyiic,  nr  mere  unions  with  water,  of  which  the  passage  of 
cane  sugar  into  milk  pugar  is  an  example. 

The  gastric  juice,  therefore,  not  only  dissolves,  but  also,  in  an  indpient 
Prodiitiiuiiof  «"J  indirect  manner,  inodiiits  tlie  food.  Protein  bodies  and 
Iwptmi&B.  gelatinous  matters  yield  substances  after  its  action  of  the 

same  composition  as  their  own,  but  with  diiTerent  physSwil  and  chemical 
properties,  tK'ing  readily  soluble  in  water,  and  even  in  diluted  alcohol,  and 
not  furniing  insoluble  compounds  with  metalline  salts.  Uy  I^ehniann. 
who  has  examined  these  Hubetances,  they  have  been  designated  as  pep- 
tones;  and  since  tlwy  may  iiri,'<e  without  the  evolution  or  absorjition  of 
any  gas,  and  the  quantity  of  sulphur  they  contain  is  the  same  as  that  in 
the  bodies  from  u  litcK  they  were  derived,  he  infers  that  the  action  is  rea!- 
ly  an  assinlilation  of  water,  the  other  ingredients  remaining  unehanged. 

Turning  our  attention  now  to  tlie  origin  of  the  gastric  juice,  it  is  inter- 
„        ,  esting  to  observe  the  economical  manner  in  which  its  hydro- 

rtBenienL  of  chloric  acid  dement  is  managed.  To  the  proper  underftandinp 
ooihtoDO  L  ^j-  jjj'g^  jj  jg  nceeasarj'  to  anticipate  what  will  have  to  be  niorr 
ftilly  considered  in  describing  the  bite^  a  imiform  ingrx^flicriit  of  which  jp 
(he  oxide  of  sodium,  or  soda,.  The  Iiydrochloric  acid  of  the  gastric  jiiic* 
and  the  soda  of  the  bile  arc.  derived  fi^m  the  same  source — commnu  sail. 
wlucti  Is  cither  present  in  the  food,  or  purjjosely  added  as  a  condiment. 
It  undergoes  decomposition  easily,  yielding  the  two  products  specified, 
that  is,  hydrochloric  acid  and  soda,  and  is  readily  formed  by  the  reunion 
of  these  substances. 

There  exists  in  the  action  of  the  kidneys  a  special  provision  for  prevent- 
ing the  quantity  of  chloride  of  podium  preeent  in  the.  blood  frojn  rising 
over  41  parts  in  10,000.  This,  of  course,  controls  the  amount  diffused 
through  the  tissues.  The  necessity  of  sucli  a  regulation  Ixieoniea  apjrnr- 
cnt  when  we  consider  that  the  rate  of  the  solubility  of  albumen  and  ca- 
sein in  Water  t:^  governed  by  the  presence  of  that  substance,  as  is  also  the 
quickne.'ts  with  which'  the  coagulation  of  fibrin  tJikce  place,  and  tlie  W-, 
pair  of  the  waste  of  tlie  muscles. 

Common  salt  introduced  into  the  system  undergoes  decotnpofiition. 
funiishing  hydrocldoric  acid  to  the  ^slric  juice,  and  soda  to  the  biic 
CoiiBidering  the  large  quantity  of  these  secretions  jjroduced  in  a  short 
space  of  time,  it  is  clear  that  the  drain  of  common  salt  must  be  great — 
not  less  tlian  a  third  of  on  ounce  a  day;  yet  the  quanlitiea  consumed,  at 
moit,  ftfc  only  smalL 
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How,  then,  as  thia  to  be  explained?  As?uredly  there  is  no  other 
fionrce  from  which  these  bodies  can  come  than  the  one  indicated — the 
comninn  salt,  aud  yet  it  seems  to  be  totally  inadequate. 

I  think  that  this  difficulty  is  rather  iinaginai^  than  real.  Thliiga  are 
so  arranged  that  a  limited  quantity  of  salt  can  produce  unlimited  quanti- 
ties of  gastric  juice  and  bile;  I'or  the  former,  associated  with  th^  food  il 
has  digested,  scarcely  escapes  from  the  pyloric  valve  before  it  encountCTi" 
the  bile  and  pancreatic  Jnices  discharging  into  the  duodenum,  and  through 
the  length  of  the  upper  portion  of  the  small  inteathies  theae  sceretiona, 
logetlier  with  the  food  they  have  acted  upoiit  are  brought  into  complete 
contact.  The  reproduction  of  chloride  of  sodium  ia  thexcfore  constantly 
taking  place  in  intestinal  dige-'tion,  find  it  returns  back  to  the  system 
through  the  absorlxsnts,  Again  it  undergoes  decomposition,  its  acid  re- 
appearing in  the  gastric  juice,  and  its  alkali  in  tlie  pancrentic  juice  and 
bile.  By  thus  u.'sing  a  small  amount  over  and  over  again,  great  effects 
can  l>e  produced,  and  it  is  then  only  necessary  to  restore  those  small  por- 
tions tliat  are  waslcil  in  carrying  out  the  general  scheme. 

In  the  low-pressure  marine  steam-engine  we  have  an  example  of  the 
Aamc  kind-  A  certain  quantity  of  water  is  vapariaed  in  the.  boiler  and 
condensed  in  tlie  engine ;  pumped  batk  into  tlie  boiler  to  be  vaporized, 
and  then  recondcnsed  in  the  engine.  Comparatively  little  is  required  to 
supply  the  wania  of  the  machine,  and  long  voyages  can  be  made  with 
only  as  much  water  as  will  componsato  for  the  necessary  waste  arising 
in  the  working. 

F<ir  the  sake  of  presenting  the  consideration  of  the  fimction  of  diges- 
tion with  clearness,  it  is  customary  to  leave  out  of  consider-  ^        .  , 
ation  the  eubonlinate  actions  taking  jilaee  both  in  the  stoni-  (festifln  bhis- 
ach  and  interitine^     Tins,  however,  involves  a  certain  amount  ["sthBl'tilcrj 
of  error*  since  respiratory  or  non^nilrogcnized  digestion  oc-  li-m  is  culorifa- 
cuj-s  in  the  former  cavity,  and  nutritive  or  nitrogcni:ced  in  the 
hitter.     Nc'\crthdes9,  there  can  be  no  doubt  that  if  our  view  ia  restricted 
to  the  more  impoeing  characters,  we  are  justified  in  accepting  the  dogrna 
that  "  stomach  digestion  is  histogenetic  or  nitrogeniacd,  and  intestinal 
digestion  is  calorifacient." 

Under  the  most  comprehensive  point  of  view,  examining  the  action  of 

the  entire  digestive  tract  from  the  mouth  to  the  rectum,  we  ^        , 

'^  _  General  aum- 

discover  a  recurrent  periodicity.  In  the  month,  the  trausi-  mnryordig*!!. 
tory  digestion  taking  place  is  wholly  expended  upon  tlie  ea- 
loritiicient  food  ;  in  the  stomach  it  is  tlie  nutritive  portion  which  is  chiefly 
attacked ;  in  the  duodenum  there  is  a  return  to  tlie  caJorifacicnt,  and  in 
the  coecum  of  animals  a  resumption  of  the  nutritive.  Tliia  last  is  lesF 
apparent  in  man,  for  in  him  the  coxrum  exista  only  in  a  rudimentary  state, 
represented  by  the  appendix  vcrniifortnis. 
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As  the  alteration  takes  place  from  calorifocient  to  nntritive  digestion, 
the  active  fluid  changes  its  cliemical  relations.  In  the  mouth  and  duo- 
deaam,  alkaline  juices  are  r&sorted  to;  in  the  stomach  and  ccecum.  acid 
ones.  Whenever  there  is  an  accidental  invemon  of  tiiuse  conditions,  the 
reaolt  correspQndingly  chan^?;  so  when  bile,  which  is  alkaline,  regar- 
giutea  into  the  stocaach,  the  digestion  of  nutritive  food  is  instantly  ar- 
rested. 

In  each  of  these  cases  the  object  ia  the  same:  it  is  to  obtain  the  nutri- 
ent material  und<^r  such  forms  that  the  absorbent  yeasels  can  readily  take 
it  up ;  this,  as  wc  have  seen,  often  involves  a  metamorphosia  of  the  ele- 
ments of  the  food  where  mechanical  subdivision  would  be  insutficient. 
Fibrin  lias  to  be  brought  into  a  c^olublc  t^tate,  and,  indeed,  albumen  itself 
must  be  modified.  If  it  lias  been  taken  uncoagnlated  or  glairy,  it  be- 
comea  opnlesccnt,  and  passes  into  the  allied  form  known  as  albuminose. 
In  this  condition  it  is  neilher  precipitated  by  heat  nor  by  nitric  acid, 
though  it  is  by  corrosive  sublimate.  The  cause  of  this  transformation 
probably  has  reference  to  the  relative  facility  with  which  albutninosc  can 
transude  into  tli&  venqtia  capillaries  compared  with  albumen. 

There  is  thus  reason  to  suppose  (hat  the  result  of  stomach  digestion 
12  the  reduction  of  the  various  iiitrogenised  constituents  of  the  food  to 
the  condition  of  albuminose.  It  is  plain  that  fibrin  must  come  into  this 
or  some  analogous  condition,  for  it  can  not  be  absorbed  as  fibrin,  and,  ac- 
cordingly, it  is  found  that  the  blood  of  the  gastric  and  mesenteric  veins 
abounds  in  all>uminosc. 

Intermediate  between  the  classes  of  calorifacienl  and  histogenetic  food, 
CMcorgda-  belonging,  by  its  composition  and  conditions  of  digestion,  to 
^^'  the  latter,  but  by  ths  fiuiction  it  discharges  to  the  former,  i.« 

gelatine,  a  nitrogenizcd  sub&tance.  It  appears  to  be  always  derived  firom 
albumen,  and  any  portion  which  may  have  been  received  in  the  food  ij" 
never  directly  aaainiilatcd  or  used  for  the  fabrication  of  tissue,  but  solely 
roiniaicrs  to  the  production  of  heat.  Though  thus  a  calorifariont  bo<ly. 
its  place  of  digestion  is  the  stomach.  After  it  has  suflcred  the  action  of 
that  organ  it  has  lost  its  power  of  gelatinizing,  can  no  longer  I>e  precipe 
itated  by  chlorine,  nor  give  the  leather  precipitate  with  tannin.  The  use 
of  it  tmdcr  the  form  of  jellies,  soups,  etc,  is  always  atlerdcd  witli  the  apK 
pearance  of  an  unosoal  quantity  of  urea  in  the  urine,  and  hence  the  ad- 
ministration of  those  domestic  preparations,  under  an  idea  of  their  great 
nutritive  value,  is  to  be  looked  upon  as  only  a  popular  error.  In  an  in- 
direct way,  however,  under  the  conditions  of  restricted  diet,  usually  met 
with  in  the  sick-room,  gelatine  doubtless  maintains  an  intcjesting  relation 
to  the  alltumcQoid  bodies  in  this,  tlmt  it  protects  them  tirom  dcBtructioti 
by  undergoing  oxidation  itself,  and  iW  satisfying  the  requirements  of  the 
respiratory  mecliamgm  ;  for,  were  there  not  such  a  substance  prcaeiit  to 
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MAlve  tlie  attack,  the  rcapirej  oxygen  would  rapidly  bring  on  the  waste 
of  the  proper  tiitrogcnlzcd  tissues. 

Ill  n^Iiitioii  to  the  gelatigenoua  tissues,  it  may  Iw  rPimarketl  that  gela^ 
tine  is  not  anautual  constituent  of  them,  but  arises  from  them  GcUUntnat 
by  boiling  with  water.  By  ii  like  process,  Hnffieirnlly  pro-  ^e*^^,i^*' 
longed,  a.  similar  substance  may  be  nbtained  fr'mi  eartilage,  «nt- 
deaignated  cartilagogelaliite,  or  chondrine.  In  these  cases  the  material 
unites  with  water  in  the  same  manner  that  starch  doea  in  producing  gln- 
cose, 

TIte  food  must  therefore  pass  through  various  stages  before  it  can  be 
fitted  for  iiitroddction  into  thp  circulation,  and  carried  to  all  parts  of  the 
system.  It  is  procuR'd  in  [Jurtiuns  of  a  suitahle  size  eitlier  by  the  fin- 
gers, or,  in  civilized  life,  by  resorting  to  artilicial  implements,  the  knife 
and  fork.  The  incisor  tectli  next  cut  it  up.  and  the  nioLirs  crush  or  grind 
it,  being  worJtcd  iar  this  jjurpose  by  a  powerful  system  of  muscles ;  mean- 
time it  19  incorporated  witli  saliva  and  atmospheric  air.  Passing  into 
the  gtomacii  tindor  the  condition  of  a  coarse  pulpy  mass,  tlie  gafltric  juice 
carrier  the  process  still  tarllier,  a  more  intimate  disintegration  of  its 
structure  ejisues,  and  it  is  eventually  brqught  Into  a  soluble  and  changed 
form.  The  time  reipiir^d  to  prodiK^e  this  effect  varies,  with  i;i,i  ^tiynt, 
the  nature  of  the  food.  Thus  it  lias  been  noticed  that  beef  or  liHTiTeuL  ir- 
is much  more  quii;kly  acted  on  tlian  mutton,  and  mutton  "  '™°  '^  ■ 
sooner  than  pork. 

Statements  Tcspcering  the  digestibility  of  different  articles  of  food 
must,  however,  be  received  with  mnny  restrictions.  If,  as  circnijiiBneM 
the  earlier  physiologists  believed,  the  stomach  was  the  sole  inwrrerinff 
digegtive  cavity,  and  the  intestine  only  for  the  pnrpose  of  ab-  or  digeB^blli. 
gorptirjn,  they  would  doubtless  he  much  nearer  to  the  truth.  '^>'- 
But  when  we  recall  that  the  digestion  of  fats  does  not  even  begin  until 
tlie  intet*line  is  reached,  and  that  the  digestion  of  the  nitrogenized  anb- 
atancea  is  only  in  part  accomplished  by  the  gastric  juice,  lint  goes  on 
nnder  the  influence  of  the  intestinal  juiec  throughout  the  whole  length  of 
the  small  intestine,  wc  see  at  once  Iiow  imperfect  and  even  incorrect  are 
the  indications  aftbrded  by  such  experiments  as  those  of  SpallaiiKam, 
who  inttodnced  food  articles  into  the  stomach  through  the  cescphagu^  in 
perforated  silver  vessels,  or  those  of  Beaumont,  wlio  availed  liimscif  of  a 
gastric  fistula.  Neither  can  we  take,  in  all  iustances,  tlie  time  whicli  an 
ortirle  of  food  nHU  remain  in  the  stomach  as  a  measure  of  its  digestibil- 
ity, for  Ellis  is  known  to  vary  with  many  conditions,  as,  for  instance,  the 
quantity  Introduced  at  a  time,  and  the  condition  of  the  organ  itself.  As 
gener.il  illustrations  of  the  digcslibility  of  some  of  the  ordinary  elements 
of  food,  the  examples,  however,  being  more  or  less  open  to  the  preceding 
crittcismis,  the  fullowing  facts  niav  be  otfered.     The  white  of  an  egg,  rep- 
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resentu^  soluble  Rlbumen,  ifintrodnced  into  tKe  Btomaehof  a  fsstmg  dog 
tfaroti^  a  gastric  fistula,  will  disinppear  id  less  ttkoii  aji  hour ;  but  if  ihe 
whites  of"  eight  eggs  be  iutrodnced,  portions  ihereof  can  be  rpcognJzp^l 
kAer  four  hours.  LehmaTin,  wlio  made  these  obiR<rvationa,  uAils  that 
blood  fibrin  'varies  in  its  time  for  gastric  solution  according  as  it  is  in  a 
rinelj  cwnminuted  or  a  massive  state ;  in  the  former  instance  disappear- 
ing from  t)ie  stotimch  ot'  a  (lr>g  iu  ah  hoiu*  and  a  }ia]£,  btit  the  same  weight 
in  the  latter  condition  r&quiring  almost  tvice  the  time.  Coagulated  al- 
bnin^u  indicate?  the  commcncenient  ot' digestion,  and  even  ilit  local  cora- 
plotioii,  ill  tntui  live  minutes  tn  a  qiuuter  ol'  an  hour ;  but  here  again  much 
ikpaiuU  on  the  coniLidon  of  ihe  stomach  and  the  gcjieral  stale  of  the  sys- 
tem, whether  the  animal  has  l*vn  fasting,  and  whether  the  gastric  juico 
is  exiicUng  iu  a  dilute  or  conconlmlcil  state. 

So  fiu"  us  such  csaniinatious  go^  thev  do  not  exhibit  any  marked  dtf- 
llMplitH)rr<H-  few-nw  between  albumciu  tibrin*  and  cflsein*  Gelatine^  hoW' 
JJ^"*^  ever,  is  acted  on  with  n-markablc  rapiditj-.  Beaumont  ob- 
gia  im  iba  Miml  that  in  an  hour  150  grsmmes  of  jell  v  bad  disappeared. 
*■'■**■  The  experiments  whicli  have  been  TOa<le  on  the  digestibilitj' 

of  v^gvtablc  fwxl  intrvKluccd  through  ptstric  tistula-  are  obviously  irf"  no 
u-tf,  .-•incr  thv  diivf  vunstitucnts  thercot^  fiucb  as  ftarcli  and  &t,  are  not 
OTtoi  intluencc^t  in  those  circtuninaitces:  until  tbry  have  reached  the  intea- 
tUM\  'i'heir  passage  Irnm  tlio  stomach  in  this  nncliti^ed  state,  or 
i:hange<l  oulv  M  far  as  their  nitiv^^^iuxed  ingredients  aic  concenied,  may 
mtcb  n«  tlie  tmp<vrtai)t  &ct,  wliich  s>hould  in  ihe^  in^^uiiKa  be  alwaya 
borne  in  minimi,  that  di&apjpecmuioe  fixMn  tb«  glwwach  is  one  thing  and  dj- 
g««tiou  wiotbcr.  and  thai  cnvn  tlwu^  u  Bohstaiioe  may  have  {MMed  the 
pylortc  val^T^  it»  djgaatMUkt  iu  fron  having  bun  oonpleled,  may  mt  as 
yH  hare  ooanuoDcnL 

ThedigKlioBof  MitiitiT«ormtr«|g|Biiiaed  mateiial — hislognetic  diges* 
liott — is  theRfiwe  oamed  on  in  the  •tooudli  mainly;  and  tboi^  first 
mechawtpal.  and  then  chwiudal  ayoaa  an  naoned  ta,  the  object  is 
tlmmg^at  the  «um^-<o  obtain  tlw  food  ia  nek  ft  dnided  and  diaaged 
^taM  that  it  can  paa*.  diaMtvod  ia  watct.  into  tlie  c^iUftir  TTjc^eU. 
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CHAPTER  TV, 


:,OniPAClENT  OR  INTRSTTNAl.  DIGESTION. 

.\aftiri'  vf  TnKstinal Dvjestimi. — Arw-furc  o/'flie  Iiiltirtint, — Di</eslife  t'hriiia  o/' the  Intz-ntinf. — 
ITie  Pimcreatui  Juict.'-^  Tlit  JCuCeru'  Juirr, — Jnlre.  q/'  A+c'ir/'iiiAn.  *^  .^fJTHd'iii  o^  MijfrV 
(iimiih, — Bi/c-^I^^f-f'hn  p/"  llie  Carfioli'idralr^  ami  Jif/Jiiv.iirboni'. — Prv/K-rlira  mid  Vitrv- 
Cf«  of  i^ctir  Arid. — Ilnrtrinr  o/'tJie  J\jfreAs  o/'Aeidfti/  imd  AlkytHsnlg  vf  the  £HifrxliiT  Jtlirr^, 
— Illustration  o/'  Intrstiiin!  liiijrxtion  from  M«  malHng  of  Win', — AfriL-iiuf  iif'  Hreiid. — InfltmiKt 
ofllfiit  (irw  /■'ertncnijt. — Coiiijiaruoii  of  iJanlrir:  and  Iniaitiiud  Uiffrntkin, — CStiingtn  ofOte  la- 
reitina/  OanienU.—  TTie  Feecal  Rendua. 

After  the  chyme  formed  in  the  stomach  lias  passed  throngU  the  py- 
loric valve  into  the  small  intestine,  the  influence  of  the  gastric  juice 
continues  for  a  certain  time,  QVen  af^er  the  bile  and  pancreatic  juices 
have  been  reached.  Since  their  action  must  be  necessarily,  in  the  first 
instance,  superficial,  the  interior  of  the  mass  is  etill  undergoing  Btomach 
digeation. 

But,  Betting  aside  thlfl  incidental  result,  which  at  the  moat  can  not  be 
of  long  duratio5i  the  digestive  operation  taking  place  in  the    Nature  of  in 
part  of  the  intestinnl  tract  now  under  consideration  is  di-  iijaiinni  digcs- 
rected  to  the  heat-njaking  food. 

The  organ  in  which  calorifaeienl  digestion  takes  place  may  be  de- 
scribed aa  a  tube  bounded  by  two  valves,  the  pyloric  above  structure  rf 
and  the  ileo-ctecal  below.  Ita  length  may  be  estimated  at  "■h^inicstioe. 
ttbont  twenty  feet.  The  digestive  surface,  making  a  due  allowance  for 
its  increase  by  reason  of  ita  valvular  structure  presently  to  be  deaeribed, 
can  not  be  much  under  3500  square  inches.  The  dimensions  of  the  ca- 
lorifacient  digesting  surface  are  therefore  far  greater  than  those  of  the 
natrilivc. 

The  interior  and  acting  portion  of  this  tube  presents  two  different 
systems  of  apparatus,  and  is  occupied  in  the  discharge  of  two  ~^ 
totally  distinct  functions,  digestion  and  absorption.     It  is,  mtiis  of  inie*. 
perhaps,  this  double  duty  which  demands  so  extensive  a  Bur-  "'^''' 
lace,  and  not  the  necessities  of  heat-making  digestion  alone. 

Like  the  stomach,  this  tube  consists  of  three  coats — a  serous,  a  mus- 
cular, and  a  mucous-  The  latter  ig  gathered  up  in  its  inte-  .  .  .  , 
nor  into  numberless  projecting  tolda^ — the  valvule  conniven-  valvule  coani- 
tes.  These  serve  to  increase  the  surface  to  which  the  food  '"^'"'"- 
is  exposed,  and  perhaps  afford  a  meclianical  obstacle  to  its  passing  too 
»|uickly  forward.  They  tend  also  to  break  the  continuous  motion,  and 
bring  the  interior  parts  of  the  chyme  to  the  surface.     The  onward  move- 
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ment  is  of  course  due  to  the  pressure  exerted  conjointly  by  the  straight 
and  circular'  tibre$  of  the  muscular  coat.  Anatomists  divide  the  IuLm.' 
into  tltree  portions — the  duodenum,  jeiimum,  and  ileuro. 

'Vff  1(1.  In  J^ifj,  19  wc  have  a  pop- 

terior  view  of  the  duodenum, 
a  being  ita  superior  or  pyloriu 
extremity,  d  the  middle  por- 
tion, 0  the  jejunuiUjrf  the  gall- 
bladder, ?'  the  cystic  diict,_/i 
I '  hepatic  duct,  c  the  ductus  co:r.- 
munis,  m  pancreatic  duct. 

Soon  after  tlie  chyme  has 
e&caped   through    the   pyloric 
valvQ  into  the   duodenum,  il 
PMWrt«rt**«rn«d(»4«ium.  comes  under  the  influence  of 

the  bile  and  pancreatic  juices,  which  arc  sometimes  diaeliarged  upon  il 
.     „      at  a  common  point,  and  sometimes  at  a  little  distance  apart. 
id«ortiii!  iu'    Almost  simultaneously  it  is  Bubmitted  to  the  mechanical  ac- 
WBtiue.  jj^j^  of  the  vaKuke  connivcntcs,  which  make  their  appearance 

in  the  vertical  portion  of  the  duodenum,  and  continue  in  large  numbere 
until  within  the  last  two  or  three  feet  of  the  end  of  the  tube.  As  the 
Intestine  h  distended,  these  project  with  a  certain  degree  of  turgidity, 
(ind  accomplish  their  mechanical  object. 

But,  besides  the  pancreatic  and  biliary  fluida,  Uiere  are  other  juices 
thrown  upon  the  passing  chyme — the  enteric  juice,  which  comes  from 
Brimncr'a  glands,  and  a  liquid  oozing  from  the  follicles  of  Licberkuhn. 
Moreover,  the  oi^anisms  known  as  Peyer'a  glaiida  arc  atTeoting  the  cOD- 
tonta  of  the  tulx?.     Of  c-ich  of  these  it  is  necessary  therefore  to  sjjcak- 

1  at.  Tiic  pancreatic  juice,  secreted  by  tlie  pancreas,  an  organ  bearing  a 
r*nfHi(itif  resemblance  in  its  anatomic^  construction  to  the  salivary 
il(m"««il'nmi'"  gl""^'^'  """^  iience  usually  regarded  as  one  of  that  group. 
I'rtiMcif.  The  juice  itself  is  analogous  to  sjdiva,  being  viscid,  and  in  its 

reaction  alkaline:  its  epecific  gravity  is  alwut  1.008.  Alcohol  coagulates 
it-  It  U  said  1o  eonlain  no  aulphocvnnidc  nor  any  suspended  particles. 
It  acta  n],>ou  starch  even  more  energetically  than  saliva,  transmuting  it 
into  Rugar  and  lactic  acid,  and  upon  fats  by  forming  tliem  into  an  emul- 
.lion,  ^o  that  they  nw  readily  absorbed.  This  has  been  found  to  take 
place  ill  artilieial  cx])erinicnts  by  submitting  fat  substances  to  the  juice 
at  a  temperature  of  iOO^. 

CltnitifiirKM  ofPaHcrwuic  JmitfofDeg.    (From  ScAmidt.) 

VfiktcT.. , 900.76 

Orjcank  nuitUr ..,„ .„,„ 90.33 

Inorguilc   " B.BC 
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As  wouM  be  inierrod  frnm  the  difference  of  emulsifying  power  between 
the  saliva  and  this  juice,  its  organic  matter  differs  from  ptyaline.  It  i? 
estimalcd  that  tlie  standard  secretion  of  it  is  from  five  to  sev'en  ounces 
fCT  dictn. 

The  action  of  tlie  pancreatic  juice  appears  to  be  limited  to  the  upper 
half  of  thp  intestrnp,  for  it  is  in  that  region  only  that  butyric;  a,cid  ia  de- 
veluped  from  butter. 

2d.  The  enteric  juice  is  secreted  by  the  organa  known  as  Branner's 

eland*,  tlic  structure  of  %Thich  has  a  certain  analoffv  to  the  „ 

,,  .  ..1      ■       1  III         11  II-  Enlcnc jujce- 

prcccding,  and,  hke  it,  thcise  doubtless  belong  to  tbe  salivary 

group.  Brumier's  glands  occur  chiefly  in  the  upper  part  of  the  small  in- 
testine, pFOSuitiiig  themselves  in  the  submucous  tissue  thereof  ae  little 
bodies,  coitiniouly  compared  by  anatomists  to  hcmpseeds.  They  consist 
of  lobules  with  ducts  eommunicating  with  a  common  outlet.  Their  se- 
cretion possesac?  a  more  encirgetic  power  when  mixed  with  bile  and  pan- 
creatic jiiice,  tiian  the  pancrcfltic  juice  alone,  in  producing  fatty  einubiona. 
In  the  opinion  of  Bidder  and  Schmidt,  the  intestinal  juice,  which  they 
describe  as  being  invariably  alkaline,  not  only  mcfamorphoses  starch  as 
Ffii.  »!.  rapidly  as  the  saliva  or  pancreatic  juice,  but 

*?c!vr"-w^w*n  m  ,«p^    also  exerta  as  powerful  an  action  on  flesh, 

slbunien,  and  other  protein  bodies  as  tht-t 
which  occura  in  the  stomach  itself. 

In  J^iff.  20,  which  is  a  !ialf  diagram  of 
one  of  these  glands,  a  a  reprcseute  the  mu- 
cous surface  of  the  intestine,  and  i  the 
lobulated  gland,  discharging  its  secretion 
through  a  common  duct. 
3d.  The  secretion  of  the  folhcles  of  Lieberkuhn,  which,  as  shown,  in 
I^f/^.  21,  are  straight,  narrow  coecal  de-  spc,^iioo(^ 
prcssions  of  the  nuicous  merabrane^found  foitirie*  of 
all  over  tlie  smalt  intestine,  and  in  a  gen-  '"''" 
eral  manner  analogons  to  the  tubular  follicles  of  the 
stomach.  Their  interior  is  lined  ivith  columnar 
epithelium,  and  in  depth  they  are  ei\aal  to  the  thick- 
ness of  the  mucous  membrane,  their  closed  ends  be- 
ing therefore  in  contact  with  the  submucous  tissue, 
and  their  mouths  opening  into  the  hite.'itine.  Tn  a 
state  of  health  thcy  contain  a  clear  mucus-like  secre- 
tion, In  in  (laminations  of  the  part  they  are  filled 
with  a  more  opaque,  whitish  liquid.  From  their  re- 
semblance to  the  follicles  of  the  stomach  whicli  secrete  pepsin,  it  riiay  be 
presumed  that  they  possesa  a  aomewhat  similar  fiinction;  but  in  the 
stomach,  the  resultbig  secretion  is  brought  in  relation  with  acids ;  in  the 
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intestine,  with  alkaline  bodies ;  anil  hence,  tiie  physiological  action  may 
differ  in  the  two  ^KiBitbn^,  thougli  the  structure  aud  primary  functiou 
inay  be  the  same. 

4tli.  The  secretion  of  Peyer's  glands.  Thc^e  may  he  deserihed  as  cir- 
negpBtbn  fmra  ^''^^'^  spots,  of  a  whitieh  color,  and  about  the  tenth  of  an  inch 
I'uyei'eg'ltnds,  j,,  (Jjariietcr,  constituting  glandular  patcties  full  of  cell  germs, 
but  without  any  excretory  duct  opening  into  the  intestine.  It  la  Bup- 
posed  tliat  they  dinchargB  their  contents  by  rupturing  at  a  certain  stage 
of  their  development.  The  solitary  and  agminate  glands  appeaf  to  be- 
Fig.st.  long  to  the  same  physiological  group. 

Tlie  two  conditions  of  the  Peyerian  glands 
are  shown  in  J^iff,  22,  the  right  one  being! 
empty,  its  contents  having  been  discharged, 
the  Ictt  one  alill  lull,  iiy  stinic  it  ia  denied 
that  tliese  bodies  arc  connected  with  intefr- 
linal  fligestion.  The  facts  that  vnseular 
loop*  ymas  into  their  granular  contents,  and 
that  the  lacteals  bear  a  defitute  relation  to 
them,  seem  to  indicate  that  they  are  rather  portions  of  the  absorbent 
mecliaiiisni. 

5th.  The  bile.  Of  tliia  it  is  not  now  necessary  to  give  a  detailed 
description,  since  tliat  will  occur  more  appropriately  in  treat- 
ing of  the  functions  of  the  Liver.  For  the  preiaent  purpose,  it 
h  sufficient  to  stote  that  bilo  is  a  greenish-yellow  liquid,  of  hitter  taste 
and  ulkaline  reaction.  It  is  soluble  Ui  water,  changes  with  rapidity 
under  the  influence  of  the  air,  or  even  spontaneously.  Its  specific  grav- 
ity U  about  1.026.  An  ultimate  analysis  of  its  organic  material  shows 
0,B,  11^,  Ojj,  Nj,  with  sulphur.  Its  aspect  is  therefore  that  of  n  hydro- 
carbon, and  it  stands  in  strong  contrast  with  the  uitrogenizcd  bodies. 
It  is  a  aigniticant  fact  (hat.  even  in  the  lower  tribes  of  life,  it  is  unifomily 
(liscliarged  into  the  upper  part  of  the  intestine.  Bidder  and  Schmidt 
catiraate  the  diurnal  quantity  of  bile  at  04  ounces,  containing  5  per 
cent,  of  solid  matter;  they  also  give  llie  following  table  of  the  diuraal 
amounts  of  the  various  digestive  tlui^ls  secreted  by  a  inan  of  the  Btand-^ 
ard  weight,  140  pounds  i 

Solini.... S.30  )l!v<.,mnuimBg  soliil  mutcer  1.  per  L-eot. 

Bilo a.80    •■  ■■  "        "      5. 

GwtripJsiioe U.OS    '-  ■■  "        '•      3, 

Pancreaiir  Juke.  M     "  '"  "         "         .1       " 

IiitMlinal  Juices     .  -U     ■'  "  "  "        l.S        " 

The  bile  does  not  appear  to  exert  any  agency  in  effecting  the  digestion 
of  either  nitfogetiized  or  amylaccoua  bodies.     The  period  of  its  max- 
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imani  production,  which  is  13  or  14  hours  after  a  mc&l,  does  not  coincide 
wilii  the  period  of  most  energetic  digestion. 

With  these  statements  of  tJie  nature  of  the  various  juiws  wliich  pass 
into  the  small  intestine,  we  may  proceed  to  investi^te  the  phenomena 
of  the  (ligestion  carried  on  in  that  iitbe. 

In  1832,  Dn  Bright*  lo  wliom  mcdidne  is  so  much  indebted  for  his 
discoveries  in  relation  to  the  pathology  of  the  kidney,  pub-  Emulsifvine 
lished  tlirec  cases  of  disease  of  the  pancreas,  attended  by  the  t*"''"'''h>"'i- 
appearance  of  a  largi;  quantity  of  fat  in  the  fa'ces^  and  drew  "^  '"  ^"'"*' 
the  inlcrence  that  in  such  morbid  stales  the  fats  arc  imperl'ectly  digested. 
More  ret'entiy,  JL  Uemard  has  piiblislied  ex[«rimental  evidence  to  provr 
that  the  digestion  of  the  fats  consists  in  brining  tJieni  into  the  condition 
of  an  cmidHion.  and  that  iho  imnereatic  ju'nx  accomplishes  this  object. 

Whatever  inflnence  the  pancreatic  and  enteric  juttiea  can  ejcert  on 
BtarcU  and  oil  outside  of  the  body,  in  artificial  exiwrinicnts,  they  un- 
doubtedly exert  it  in  the  small  iiiTeatine  as  long  aa  the  tcmjMTfitnro  ia 
the  aaiiie.  On  starch,  the  action,  as  has  already  been  stated,  ia  to  elfect 
its  conversion  into  sugar,  and  then  into  lactic  acid.  TJie  oils  arc  turned 
into  emulsions.  The  constitutional  relation  between  atarch  and  lactic- 
acid  is  such,  tliat  if,  in  presence  of  water,  one  atom  of  the  suMivisJonnT 
former  be  equally  and  systematically  spht  or  divided  into  »unhiDtoi«o 
Iwo  portions,  those  portions  are  atoms  of  lactic  acid.  And 
since  this  substance  contains  no  nitrogen,  its  oxidation  either  artilieially 
or  in  the  interior  of  the  svstem  gives  origin  to  carbonic  acid  and  water 
— bodies  which  can  at  once  be  removed  by  the  action  of  the  skin,  or  the 
lungs,  or  the  kidneys. 

Respecting  the  digcation  of  the  carbohydrates — cellulose,  gnm,  starch, 
and  the  diflcrent  kinds  of  sugars,  it  may  be  remarked,  that  eel-  pi  .eg,i„n  „r 
Inlose,  of  which  the  pith  of  elder  is  an  example,  and  which  iln- cmrlwhy- 
occurs  in  a  pure  form  in  Swedish  filtering-paper,  not  only  re-  "  **' 
sists,  in  artificial  experiments,  tlie  action  of  tiie  digestive  juices,  but  also 
it  would  appear  to  do  so  naturally  in  tlie  higher  tribes,  and  hence  it  is 
abundantly  found  in  tlie  excrement  of  the  hcrbivora.  To  this  statement, 
perhaps,  however,  the  case  of  tlic  beaver  aflbrda  an  exception,  Di™s,ionor 
there  being  reason  to  snpposc  that  tliis  animal  pOes.eB.'^es  the  wUuiuse. 
power  of  digesting  cellulose. 

There  can  be  no  doubt,  moreover,  that  many  insects  have  the  Bnme 
power,  for  chitin,  which  may  be  obtained  from  their  wing-cases,  and  which 
retains  the  appearance  of  the  structure  of  the  part,  mav  be  considered  aa 
cellnloae  united  with  a  nitrogenisied  body,  having  the  constitution  of  in- 
sect muscular  fibre.  This  substance  not  only  constitutes  the  skeleton 
of  insects,  their  scales,  hairs,  and  enters  into  the  construction  of  their 
trachedp,  but  even  forms  one  of  the  coats  of  their  inteathial  canal.     Since 
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it  does  not  appear  tbat  they  can  inetamorphose  other  carbohyilrutea  into 
ihis  body,  wc  may  infer,  as  would  indeed  seem  praljable,  considering  the 
nature  of  the  food  of  many  of  them,  tbat  they  can  digest  woody  lihrc 
The  digestive  apparatus  of  man,  liowcvcr,  can  not  esert  such  a  power. 

Neither  does  it  appear  lliat  gum  undergoes  cither  digestion  or  absorp- 
OigostioBirf  tion-  In  artificial  exjjcritncnts  it  also  resists  the  action  of  di- 
tfUQi.  gestive  fluids,  and  is  not  changed  when  prencnt  during;  the 

fennenlation  of  other  bodica,  even  though  its  exposure  thereto  be  contin- 
ued for  several  days.  Administered  to  aninuili^,  it  is  almost  entirely 
voided  with  the  excrement.  Thu3  Boussiiigaullj  having  given  to  a  duck 
Hfty  grammes  of  gum-arabic,  obtained  fortj--six  gramraes  from  the  ci- 
crementfi  in  nine  hours.  In  an  experiment  upon  an  old  rabbit,  to  whicli, 
with  a  diet  of  cabbage-leaves,  ten  grammes  of  gtim-arabic  were  daily  given 
by  Lehmano,  the  gum  being  administered  in  sohition  in  water  by  injec- 
rion  into  the  stoinacli,  no  trace  whatever  of  gum  could  bo  deteeted  in 
the  urine,  none  in  (he  chyle  of  the  thoracic  duet,  and  none  in  the  blood, 
hut  it  was  easily  enough  recogi;nizcd  in  the  excrement.  From  this  he 
infers  that  tlie  prepariitiona  of  gum,  whieh  are  audi  favorite  mcdieines 
with  Bomc  phvfticiannj  yield  to  the  animal  organism  only  an  extremelv 
small  quantity  of  material  of  a  natui"e  to  support  the  respiratory  process, 
and  that  their  nsca,  if  they  are  of  any  use,  can  be  merely  negative  in 
acute  diseases. 

Of  the  earbuhydratei?,  etarch  is  perhaps  the  moBt  important,  occurring 
iHfjciiionof  ^^  '^  ^^'^'^  i"  abundance  in  vegetable  food.  It  can  not  be  made 
jLarth.  ijgg  qC  in  (],£.  gygtcni  without  dr&t  being  transmuted  into  dex' 
trine,  sugar,  and  eventually  lacli'C  aeirl.  these  cluuigcs  l>eing  gi-ently  ex- 
pedjleH  if  it  has  been  previously 'prepared  by  boiling  in  water,  or  other 
equivjilent  operations  of  eooking.  The  saliva  commences  the  action. 
which  in  man  ia  even  prolonged  iji  the  stomach,  and  in  the  herbivora  Btill 
more  decisively  in  the  paunch,  in  birds  in  the  crop.  On  gaining  the  stom- 
achy the  farther  transnmlation  of  the  istarch  is  arrested  by  the  gastrie 
juiec,  but  after  rejiching  the  duodenum  it  is  resumed  with  greater  energy 
than  ever,  under  the  influence  of  the  pancreatic  juice.  Reaching  the  ile- 
umi,  the  intesfinnl  juii^e  continues  the  action,  though  with  leas  vigor.  In 
this  passage  to  the  large  intestine,  tlic  starch  i.s  gradually  aaauining  the 
condition  of  dtxttine  and  sugar,  the  former  substance  passing  into  tin- 
latter  with  stieh  facility  tliat  it  can  Only  be  recognized  transiently. 
Duubllees  the  Bugar  thus  arising  Is  in  great  psrt  dircvtly  absorbed,  thougli 
bomc,  liefore  tlie  coecum  is  reached,^  is  transmuted  into  lactic  acid,  and  oth- 
er portions,  after  passing  tliroiigh  the  ileo^-Hceal  valve,  into  bntyrie  ncid. 

From  what  has  been  observed  respecting  starch,  it  may  be  inferred  hew 
DieuiioDof  important  sugar  is,  Binee  through  the  condition  of  sugar  alonr 
■•«"■  is  starch  available  for  the  uses  of  the  system.     It  is  to  be  rec- 
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ollected,  however,  that  sugar  itself  is  only  an  intermediate  nr  transitory 
stage,  through  which  tiie  carbohydrate  \s  ]>a8smg,  a  consiilenirion  which 
explains  the  eirciunstanec  that  it  does  not  occur  even  iu  the  portal  blood 
to  such  an  extent  as  might  be  expected,  nor  yet  in  the  chyle  Some 
have  been  led  to  infer  from  these  facts  that  tins  siihatance,  like  gum,  is 
in  reahty  only  very  tiirdily  al)8orl»ed,  an  opinion  ivhicli  ihcy  suppoae  to 
be  strengthened  by  the  circumstance  tluit  ghicose  or  any  other  kind  of 
sugar,  introduced  into  the  jugular  vein,  nina  through  tlie  toursc  of  the 
ctrculftlion,  and  is  secreted  unchanged  by  tJic  kidneys.  Kut  it  ia  to  he 
remembered  that  portal  blood  in;  very  different  from  the  proper  systemic 
blood,  and  that  there  are  many  changesi  beyond  all  question,  which  can 
take  place  with  rapidity  in  the  former,  but  which  do  not  take  place  in  the 
Utter. 

Sugar,  whether  it  haa  Iwen  received  m  an  ingredient  of  the  food,  or 
ajjsen  from  the  mctaraorpUosis  of  starch,  is,  as  we  have  said,  only  a  tem- 
porary Ibnn,  which  paasca  quickly  onward  to  the  stale  of  Ljictic  acid.  To 
this  we  must  impute  the  acid  reaction  which  ia  observed  throughout  the 
lengih  of  the  small  intestine,  and  which  can  not  Ix-.  attributed  to  the  gas- 
tric j  nice,  a  reaction  occurring  in  spite  of  tlic  alkalinity  of  the  bilo  and 
pancreatic  secretion.  This  ptishiiig  of  the  carbohydrate  forward  to  the 
state  of  lactic  acid  is  very  generally  imputed  to  the  intestinal  juice,  which 
greatly  re-enforcca  tlic  power  of  the  saliva  and  pancreatic  fluid;  some  have 
even  supposed  that  the  bile  aids  in  producing  this  ettect.  Of  this,  how^ 
ever,  there  is  no  satisfactory  proof. 

I'Vam  the  esperinieutfi  of  Von  Becker,  who  injected  saccharine  -solu- 
tions at  intervals  of  a  quarter  of  an  hour  into  the  stomach  of  rahbita,  it 
was  fonnd  that  4.5  piirts  of  sugnr  were  absorbed  each  hour  for  every  1000, 
parts  weight  of  the  animal.  Whatever  may  have  been  the  form  of  sugar 
administered,  as,  tor  instance,  cane-sugar,  it  quickly  parses  into  the  con- 
dition of  glucose  in  the  intestinn,  and  from  tJiat  to  lactic  add.  Thus  sug- 
ar of  milk  may  be  traced  in  an  hour  aa  far  a-s  the  ccccum,  communica- 
ting to  the  contents  of  the  suiall  intestine  an  intense  acid  reaction. 

Since  lactic  acid  discharges  very  important  offices  in  the  animal  econ- 
omy, it  may  bo  worth  wlule  to  obse.r\'e  its  properties,  and  r™riapi'or«ii(i 
the  circumstances  under  which  it  is  produced.  Very  many  pfoperciM  cif 
liquids  containing  organic  matter  yield  it  abundantly:  thus  it  ''° 
is  found  in  mttcr  kratit,  a  preparation  of  cabbage.  It  is,  however,  more 
conveniently  obtaiuod  from  milk,  and  Iionce  the  term  lactic  acid.  The 
diluted  solution  obtained  from  this  source,  being  concentrated  by  evap- 
oration, furnishes  a  sirupy  liquid,  heavier  than  water,  having  an  intense^ 
ly  sour  taste,  a  great  affinity  for  water,  and  therefore  attracting  it  from 
the  air,  and  dissolving  freely  in  it.  With  metallic  oxides  it  forma  solu- 
Ue  salts,  and  in  the  concentrated  sirupy  state  has  the  remarkable  con- 
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Btitution  that  it  contains  six  atoms  of  each  of  its  elements»  carlwn,  hy- 
drogen,  and  oxygen, 

'I'lu!  prodiiL'tion  of  this  acid  in  organic  subatancca  ia  very  common. 
It  depends  on  the  Bame  prineijjJe  as  presented  in  duodenal  digegtion, 
which  it  therefore  Tery  strikingly  illnstrates.  As  an  e:canipli>  deserving 
of  attentive  considcrfition,  its  deveJopment  in  milk  may  be  ottered. 

When  milk  is  exposed  to  the  air  it  eventually  turns  sour,  the  amir- 
no»H  jjeing  due  to  the  appearance  of  lactic  acid.  In  its  sweet  state,  the 
milk  may  be  regarded  as  consisting  of  casein,  or  tlic  cuniy  principle,  a 
Bnbslant'e  belonging  to  the  protein  group,  insoluble  in  pure  water,  but 
iihnndantly  soluble  if  a  little  free  or  carbonated  alkali  be  present ;  of  milk 
sugar,  diasolvcd,  and  of  butler  held  in  snspension  in  -rt-ater.  The  ac- 
,,  .,,^,.„^  „f  tion  tfiking  place  during  the  souring  is  as  follows :  Under 
laiUi- JI.-1J        the  influence  of  atmosplieric  oxygen,  which  for  this  purpose 

'"'  muat  have  access,  the  nitrogenlzed  principle,  the  casein,  be^ 

gtna  lr>  change-,  and,  for  reasons  presently  to  be  more  particularly  ejiaro- 
ined.  impri'sscs  a  change  on  the  eugor,  splitting  its  atom  so  as  to  give 
rise  to  the  pnxhiction  of  lactic  nctd.  As  this  forms,  it  renders  the  ea^ein 
inHtihililis  and  the  milk  begins  to  coagnlftte,  to  prevent  which  a  little  car- 
Unintr  of  sodii  may  from  time  to  time  be  added.  All  the  sugar  origin- 
ally present  in  tlie  milk  is  booh  acidirtecl,  but  a  much  stronger  solution 
can  Iki  made  by  adding  more  milk  sugar  as  the  process  of  exhaustion 
gocR  on,  and  tliu  change  can  be  thus  kept  up  until  the  casein  itself  is 
f|uiio  eonKtnned. 

<  hi  examining  this  process  critieally.  we  observe  that  every  thing  do-i 
pt^nda  un  IJie  change  Occnttlng  in  the  nitrogenized  principle,  the  cawin. 
't'liifi,  under  the  circumstances,  takes  on  an  incipie-nt  ostidation,  and  com-^ 
imlH  tlu^  nngiir  nfoui  »o  to  divide  as  to  give  rise  to  the  production  of  tac- 
)in  ni'id.     'I'lii*  ccbsob  the  moment  the  casein  ce-ases  to  change,  and  re- 
<yHiinn»ni''On  tlie  ninmenl  the  casein  is  jjermitted  to  reoridizc     The  de- 
utriu'liiin  taking  place  in  the  cawin  is  propagated  to  the  sugar,  the 
(ilijrnlinl  pr'i'iiliarily  Iwing  thai  the  atom  of  sugar  is  merely  divided,  fis- 
Mlh'rh  IT  flplit,  mid  gives*  ripe  to  (he  production  of  lactic  acid,  and  nu 
^Mjxr  aiilmliuu'e.     The  whole  process  is  therefore  essentially  one  of  sab-] 
fllvlcltiii,  n  cnnehminn  l^  liicli  aliould  be  carefidly  home  in  mind  in  apply-! 
|lt|i  UuM>'  nihpi'tintriitnl  principles  to  the  jihysiologieal  function  ofdigefr 
tUmt     M"  tnt  lim  !l|f>  ^'^l^lt  in  concemod,  the  two  rises  are  the  same. 

MtNy  "th«i*  OfgHtdi'  lii|Uids  funiisb  similar  (llustrations.  Thus,  ill 
|.  .  .  ,  ill**  niH-raltMn  i>t'  making  starrh  for  comnieivial  purposes,  cott^ 
'  »ld»inhlo  ipiAntilieit  of  that  fvnbstancc  are  turned  tnio  lactic 

'■      ||i>td.  tMU"t)1nling  what  tlie  mannfselanrs  leim  to*tr  tijuar* 
t^'H  i*  )» iUMi  miiiiBlin  lltAt  BO  miuh  water  abould  be  present  as  to  give'* 
lint  lU\HiA  nm\Wm  l  for  (f  wbeni  ilour  he  made  into  a  paste,  and  kepi  for 
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soffit  days  in  a  wann  plate,  its  gluten  induces  such  &  change  tliat  the 
alarcli  lurna  into  lactic  acid,  and  the  paste  Lccomes  sour. 

Of  lactic  acid  there  aje  two  kinds ;  tliat  derived,  as  hereafter  stated, 
from  muscle  juice,  is  tlie  alpha  lactic  acid,  and  tliat  Jirom  tho  Al|ih«andbeu 
fermentation  of  sugar  the  beta  lactic  acid.  Aa  it  occurs  in  '"^'icni.-iil- 
the  gaatrie  juicEf  associated  with  or  replacing  hydrochloric  acid,  it  is  of 
the  beta  variety.  Whatever  may  bavo  been  the  source  of  thia  portion 
(i{  it,  whether  it  baa  been  derived  by  gastric  secretion  or  tlirongh  tlie 
transmutation  oi'mnylaci'ous  food  by  the  SJi-lJva,  its  abundant  occurrence 
in  the  contents  of  both  the  small  and  large  intestJiie^,  in  which  it  is  rec- 
ognized by  the  peculiarities  of  its  zinc  and  magnesia  salts,  confirm  the 
conclusion  that  in  thii»  case,  at  least,  the  betu.  fonu  arises  from  tlie  opera- 
tion of  the  digestive  juices. 

Lactic  acid  undergoes  rapid  ahaorprion  through  the  intestine,  and  is 
as  ra|)iiily  disposed  of  in  the  system^  Tims  Lehniann  found,  after  tak- 
ing h(df  an  ounce  of  dry  lactjitc  of  soda,  that  in  tEurtecn  minutes  his 
urine  had  become  alkaline.  Qu  injecting  the  same  aalt  into  tlie  jviguHar 
vein,  it  appeared  in  (roni  live  to  twelve  minutes  &a  carbonate  of  soda  in 
the  virine. 

Berzelius  tirst  discovered  the  esistence  of  lactic  acid  in  the  juice  of  the 
muHciei?.  Liebig  showed  that,  in  quantity,  there  is  more  p„,iiuction  of 
present  in  thia  aource  tlian  i.s  sufficient  to  neutralize  tiie  alkali  1«'U'=  ^"--'^  by 
of  all  the  otlier  liquids  or  jtiieea  of  t!ie  body.  Muscle  lao-  " "'  *"" 
tic  acid  is  removed  away  with  rapidity  by  the  H'mpliatics.  Berzelius 
concluded  that  its  quantity'  Incrcflses  in  proportion  to  the  exercise  the 
init,»cle  han  undergone;  and  tlus  would  lead  to  the  inference  tJiat  it  is 
one  of  the  chief  products  of  muscular  waste ;  for  it  is  not  to  be  supposed 
that  its  appearance  in  muscle  juice  is  because  those  organs  attract  it 
from  the  blootl,  in  which  it  pre-exists,  deriveiU  perhaps,  from  the  traiis- 
fomiation  of  amylaceous  subatancea  in  the  hitestine,  for  the  muscles  of  the 
camivora  yield  as  much  of  it  as  those  of  the  hcrbivora;  and  though  it  can 
not  be  artificially  made  directly  from  albnrainoua  material,  yet  it  would 
Hcem  that,  with  urea  and  anuiioiiia,  it  might  arise  from  the  l>reaking  up 
of  crcaiiiic  From  glycerine  lactic  acid  may  lie  also  developed.  When- 
ever an  excess  of  it  is  produced  in  the  system^  either  by  muscular  a(y:ion, 
unusual  diet,  or  ini]wrfc""t  oxidation  in  the  bloody  it  may  be  detected  in 
the  urine.  Under  ordinary  ci  rami  stances,  doubtless,  very  large  quanti- 
ties of  it  are  destroyed  in  the  circulation,  giving  rise  to  the  production  of 
carbonic  acid  and  water  with  a  discngngcnient  of  heat. 

We  can  not  here  faU  to  remark  how  the  process  of  comminuting  the 
fond  is  earned  forward  to  bucIi  an  cstent  tliat  the  ab.sorbent  Tbpsc  iiiffetu 
vesscls  are.  able  to  take  it  up.  The  action  first  begins,  as  has  j^^  ^^xl^' 
been  shown  iu  detail,  by  cutting  and  cnishing  implements,    iuns. 
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the  teeth,  and  when  these  have  carried  the  subdivision  ae  far  as  mechanical 
means  can^  it  is  continued  hy  chemical  agents.  Ujron  these  principles, 
the  pancreatic  juice  Jividca  starch  into  lactic  acid  in  duodenal  digestion — 
a  product  which,  without  difficult}',  linds  its  way  at  once  into  the  system. 

Besides  starch  and  su^ar,  there  is  another  group  of  hodJes  belonging 
Dig«sii«D  of  to  the  class  of  calonj'acient  food,  which,  in  tlie  case  of  camiv- 
f»*-  orous  iininials,  acems  to  be  ejtcluaively  employed.     The  fats 

and  oils  constitute  this  group. 

The  action  of  the  pancreatic  and  <?ntcrtc  juices  upon  these  bodies,  in 
bringing  tliern  into  the  condition  of  an  emulsion,  has  already  been  stated. 
That  this  occurs  in  the  intestine  appears  from  the  fjict  that  if  the  pan- 
creatic duct  be  tied,  no  cniutsion  f&rma,  and  the  chyle  in  the  lacteals 
is  limpid  instead  of  being  milky.  In  the  rabbit  this  duct  opens  much 
tower  in  the  intestine  than  the  biliary,  and  it  is  observed  that  it  is  only 
after  the  food  has  paj^sed  that  |X)int  that  it  becomes,  emulsioned.  The 
place  for  pancreatic  digestion  seems  to  be  very  constant  iin  tribes  that  arc 
far  apart  in  habits  of  life.  Thus,  in  fishes,  the  jiancreag  consists  of  a  cor- 
onet of  ceccal  tubes,  .surrounding  the  pyloric  extremity  of  the  intestine, 
each  o|K-ning  intd  that  orpun  by  a  separate  month. 

TliG  fats  reach  the  duodeuum  without  undergoing  any  change.  There, 
under  the  iniluence  of  the  pancreatic  juice,  they  become  subdivided  into 
extremely  minute  portions^  wliidi,  absorbed  by  the  laeteals,  give  to  the 
chyle  ils  chanicl eristic  asi)cct.  Beyond  this  condition  of  subdivision 
no  otJier  change  is  thus  far  impressed,  the  fat  of  the  lacteals  being'  abso- 
lutely the  same  as  that  of  the;  cliymc.  To  the  introduction  of  fat  into 
ihe  lacteals,  the  presence  of  bile  seems  to  lie  necessary,  or,  il'not  absolute- 
ly necessary,  absorption,  is  greallv  facUilated  by  it. 

The  gastric  and  pancreatic  jiiices  stand  in  a  rrmar'kabic  relation  to  one 
JVniiiF.r«  dix'.  "lotbcr.  the  former  boint;  an  acid  liquid,  having  the  power 
irini  of  the  *r-  of  bringing  into  a  .state  of  solution  nitrogrnized  bodies,  such 
iw?t  iik^lnitv  ^^  librin  ;  the  latter  alkaline,  without  action  on  nitrogcnizcd 
in  Che  ai«e*u  Ijodic?.  but  operating  energetically  on  starch,  sugar,  and  oils. 
From  this  it  might  be  supposed  that  the  intrinsic  qualities  of 
these  juices  are  different,  and  that  they  act  in  this  manner  because  of  a 
special  dissimilarity  of  constitution. 

Attempts  ha've  been  made  to  prove  that  this  difference  of  action  de- 
pends wholly  on  Ihe  chemical  relations  of  the  juic«  itself.  If  |iancrcatic 
juice  or  saliva  be  purjwsely  acidulated  with  hydrochloric  acid,  it  is  said 
lliat  it  loi?*'s  at  once  the  power  of  acting  on  calorifacicnt  food,  but  can 
bring  ttboat  tlic  sohition  of  the  las-togenetic.  On  th^  other  handf  if  gas- 
tric juice  lie  rendered  alkaline  by  admi-xture  witlt  soda,  it  no  Inngcr  dis- 
solves fibrin  or  coagulated  alhuincn.  but  gains  the  power  of  aciif>g  on 
starch  and  sugar.     Since,  tlicn,  it  thus  appears  that  the  sanK  ovgantc  body 
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becomes  emdowed  with  one  or  other  of  tlicae  properties,  according  &s  it  is 
iicidulatetl  or  alkalmJzed,  the  function  of  digestion  U  pi-oscntiHl  to  us  un- 
fler  a  simple  aspect.  It  is  upon  tlie!*e  principles  that  we  may  t^xpluin 
llie  fact  that  the  presence  of  bile  in  the  stomach  suspends  or  aiTcats  the 
tligcstion  going  on  in  that  organ. 

Tliongh  the  views  here  expressed  are  such  as  are  received  among  many 
cheniiala,  yet  it  is  still  open  for  conaidemtion  whelhcr  tlie  xhA  nsmre  «r 
nature  of  the  result  which  is  reached  in  these  cases  does  not,   '^"  "'■li""'^  i<^ 

,  .      RTCuicnl  mare 

lo  a  great  extent,  depend  upon  the  nattire  ot  the  orgaiiie  iuii^riaiitthaii 
changing  body,  the  ferment,  which  first  seta  up  the  action.  ^^*  r««tio"i- 
Many  circumstancta  would  lead  us  to  infer  that  thia  must  be  the  caae, 
and  that,  as  with  difterencea  of  temperature,  60  also  with  these  diftercnces, 
the  final  result  may  present  distinct  variations,  though  tliey  may  be  with- 
in a.  certain  range  or  HmiL  Thus,  though  the  saliva  and  pancreatic  juice 
are  both  alkaline,  and  both  impress  in  a  general  way  the  same  digestive 
change  on  atarch  and  sugar,  a  minute  examination  of  the  resultj*  of  their 
action  would  doubtless  lead  to  the  detection  of  shades  of  difFerenco — va- 
riations whicli  could  only  be  attributed  to  the  dift'en^nce  between  the  act- 
ive organic  principle  of  the  pancreatic  juice,  and  ptyaliuo,  the  correspond- 
ing principle  of  the  saliva. 

The  imputed  control  which  the  alkalinity  or  acidity  of  the  digesting 
juices  exerfa  in  determining  the  result,  illu.stnites  the  import-  «  .  ,■  - 
ant  function  discharged  by  common  salt,  which  furnishes  to  4:onmiini»ttitiu 
the  juices  of  the  stomach  and  intestine  the  characteristic  in-  'S''^^°"- 
^dlcnls  they  require  by  brciiking  up  readily  into  liydrocUoric  acid  and 
soda,  and  TG-forming  fit  once  whenever  these  materials  are  brought  in 
contact,  There  is,  therefore,  an  important  reason  for  the  instinct  which 
animak  display  in  resorting  to  the  use  of  this  substance,  aa  hi  the  buflfa- 
lo  lieks  at  the  West,  and  the  necessity  which  men  experience  to  add  it 
BS  a  contliment  to  tlieir  food.  But  though,  by  furnishing  an  acid  or  al- 
kali, as  the  case  may  be,  it  determines  the  nature  of  the  work  which  the 
secreting  juices  perfonn,  it  is  not  to  be  regarde^l  as  the  prime  mover  of 
the  change.  It  guides  rather  than  works.  The  efficient  principle  bring- 
ing about  digestion  apjjcara  always  to  be  a  nltrogenized  body,  acidulated, 
perhaps,  (ot  the  production  of  one  duty,  and  rendered  alkaline  for  the  pro- 
ductiun  of  another. 

Directing  our  attention  now  more  partieularly  to  the  phenomena  dis- 
played by  such  a  changing  nitrogenized  principle,  the  following  illustra- 
tions will  serve  to  show  that  there  is  nothing  mysterious  in  its  operation. 
Out  of  many  cases  which  might  be  selected,  those  now  to  be  offered  are 
more  particularly  Int^c^rGstlng,  since  they  refer  to  substances  estensively 
need  in  the  diet  of  man. 

First,  of  wine.     A  grape,  if  perfectly  sound,  will  keop  for  a  consider- 
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illuBtratian  ^^^'^  length  of  tine  without  undergoing  any  change  ;  TduI  it' 
frum  tho  mak-  a  pujicture  be  made  in  it  to  give  the  air  aoceas,  it  rapidly  dc- 
teriorales.  The  precise  ciinnge  taking  place  is  iwrhaps  bet- 
ter underetood  by  observalioiis  on  the  i-xpreesietl  juice  ot"  tliia  triiil.  ]t' 
grapes  be  preBseil  Ijeneath  the  surtacc  pf  quicksilver,  and  the  juice  lie  col- 
lected in  an  inverted  jnr,  without  nver  coming  in  contact  wilh  the  attuos- 
pheric  air,  it  may  be  kept  for  a  long  time  without  any  apparent  change; 
but  ii*  a  small  quantity  of  air,  or  only  a  single  bubble  of  oxygen  is  per- 
mitted to  enter  the  jiir,  (md  tlie  temprature  is  that  of  a  aumtiicr's  djiy,  an 
intesliuc  TOmmotion  or  lennentafion  at  once  ensues,  carbonic  add  escapes, 
alcohol  arises  in  the  liquid,  and  the  sugar  which  was  in  the  grape-juioe 
disiappears.  But  the  quantity  of  sugar  thus,  capalde  of  being  destroyed 
id  limited,  and  a  |Hiint  is  eventually  reached  at  which  no  more  sugar  can 
be  decomposed,  and  no  more  carbonic  acid  set  free. 

The  juice  of  the  grape  contains  a  iiitrogenizcd  principle  resembling  al- 
bumen* It  is  thia  which  is  in  reality  the  active  body.  So  long  as  ox- 
ygen is  excluded,  this  nitrogcnized  anbstanec  remains  unaltered,  but  the 
iimment  the  air  rinds  aceesis,  a  change  Ijegins.  The  sugar  which  i?  pres- 
ent in  tlie  jiiii-e  becomes  involved  in  the  movement  going  on,  which  is 
propagated  by  dcgreea  to  all  its  atoms,  dividing  each  into  two  well-known 
and  well-marked  bodies.  The  period  at  which  no  faxther  change  takes 
place  in  portions  of  sugar  which  may  have  Ijeen  purposely  added  is 
when  the  nitrogcuized  principle  haa  diaappeared. 

Carlx>nie  acid  and  alcohol  are  the  two  Bubstancea  arising  in  this  de- 
composition. Tlieir  mode  of  origin  is  obvious  when  it  is  niiderstood 
that  one  atom  of  sugar  can  be  so  divided  as  to  yield  four  of  carltonic  acid 
attd  two  of  alcohol.  In  this  artiticial  instance,  the  subdivision  is  even 
more  complex  than  that  which  occurs  in  duodenal  digej^tion,  in  which  the 
HUgar  atom  is  subdivided  into  two  equal  and  symmetrical  parts,  two 
atoms  of  lactic  acid.  In  tlie  following  formulas,  (1)  represents  the  caae 
of  vinouH  production,  (2)  that  of  duodenal  digestion: 

(1) C„  H,  0„  =  4  (C0)  +  2  (C.  H,  OJ. 

(2) C.,H„0„-2(C,H,0^. 

Second,  of  bread.  If,  in  the  preceding  case,  a.  transmuting  nitrogen- 
111  iiraiion  '^^*^  body  breaks  the  sugar  atom  so  tliat  alcohol  is  one  of  (he 
rroni  limiting  prodnctp.  and  upon  (his  principle  all  wines  and  intoxicating 
"  "^'"  liquors  are  made,  the  infilance  now  preseutcil  is  of  far  more 
intereet  to  the  well-being  of  man.  The  use  of  wine  undoubtedly  adds 
not  only  to  social  enjoyment,  but  sometimes  conduces  to  health — a  Iten- 
efit,  alas  I  often  attended  with  a  thousand  ills.  Not  so  with  bread,  em- 
phatically and  truly  described  8a  the  staff  of  life. 

The  making  of  wine  and  of  leavened  bread  are  two  of  the  oldest  cliem- 
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ical  rrocesftes.  Thtir  origin  ia  lost  in  a  remote  antiquity,  and  ?o  imi- 
versaJly  are  tLcir  Iwnclitg.  acknowledged  that  their  use  ia  difiiised  all  ovec 
tlie  world. 

Experience  pwvcs  tliat  the  best  bread  is  mai\e  from  6ne  wlioatcn  floviv, 
mixed  into  a  paste  with  a  due  proportion  of  water.  A  certain  qnnntity 
of  a  nitrogpnizcd  substance  iindfrgoing  incijiieut  oxidation,  tcnned  yeast, 
is  added,  and  the  whole  submitted  to  a  gentle  temperature.  AU  flour 
containa  a  small  quantity  of  sugar;  on  tliis  the  yeaat  immediately  acts, 
dividing  itj  aa  iii  tlie  former  case,  into  carbonic;  acid  and  alcohol.  If 
enougli  gugar  ia  not  present,  more  under  the  circumstances  is  formed  from 
starch.  The  acid  gas,  as  it  is  set  free,  can  not  extricate  itself  from  the 
smToiinding  dongb,  but  expands  uito  a  thousand  little  vesicles  or  bub- 
bles, which  give  that  peculiar  porosity  for  which  thJa  kind  of  bread  is  80 
highly  prized.  At  this  period,  bt-fore  baking,  the  otiier  substwncc  which 
has  arisen  from  the  destruction  of  the  sugar — the  alcohol— is  contained 
in  the  dough,  and  ia  expelled  therefrom  along  with  the  excesB  of  water 
by  the  high  temperature  of  the  oven,  wluch  also,  by  increitaing  the  expan- 
sion of  the  tncUidcK^I  gas,  adds  to  tlie  porosity  of  the  bread.  In  some 
baking  establishmenta  arrangements  have  occasionally  l>ecn  made  to  con- 
dense the  alcohol  aa  it  rises  from  the  bread.  The  good  and  evil  of  life 
are  often  closely  iiitennijted.  The  advocate  of  total  abstinence  from  al- 
cohol niay  with  reason  look  ujjon  hall-baked  brend  distrustfully.  The 
enemy  ia  lying  in  ambuaii  for  him. 

On  some  occasions,  implead  of  using  yeast,  a  piece  of  leaven,  that  is, 
dough  in  a  state  of  incipient  putrefaction,  is  employed.  The  mode  of 
action  is,  however,  the  same.  The  use  of  this  material  well  illustrates 
the  progresaive  nature  of  these  changes,  and  how  the  action  gradually 
passes  from  poirt  to  point  of  the  entire  niaas.  It  ia  written,  "A  little 
leaven  [eavencth  the  whole  lump." 

Ill  the  cases  here  presented  the  action  is  one  of  subdivision.  A  com- 
plex atom  has  its  constitution  broken  up,  and  is  BOparuted  'Jhvx  ii.i:tioa>, 
into  distinct  parts.  Wlien  such  a  change  is  once  commenced  ^^^tLiTV^ 
in  a  mB.ss,  there  ia  a  liability  ibr  the  whole  to  become  in-  BubtiiviHwne. 
volved,  juat  aa,  when  we  ignite  one  pomt  in  a  pile  of  combustibles,  the 
fire  spreads  throughout ;  or  as,  when  on  one  part  of  a  piece  of  fresh  me^t 
a  smalt  portion  in  a  putrescent  state  is  laid,  the  corruption,  with  measured 
rapidity,  proceeds  from  part  to  part,  until  the  whole  ia  dKayed.  One 
aiW  another,  the  particles  submit  in  suecegaion. 

Over  all  tliette  subdividing  actions  heat  e.xerts  the  most  extraordinary 
influence,  so  that  tor  a  given  effect  to  be  produced  it  ia  abso-  influetiMof 
lately  necessary  that  a  given  temperature  should  be  main-  su^'i^^lisL*" 
t^ned.     Thus,  if  we  take  the  saccharine  juice  of  almost  any  ai^tioiis. 
kind  of  fruit,  and  cause  it  to  be  acted  on  by  a  changing  nitrogenized  body, 
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it  will  yicldt  as  just  stHtecl,  alcohol  and  carbonic  aciii  bo  long  as  the  tem- 
perature ranges  a.bout  76°;  but,  every  tiling  remaining  the  same,  if 
tlie  (ernperature  be  raised  to  100'^  or  120°,  neither  alcohol  nor  carbonic 
acid  La  Cornied,  but  in  tlieir  etead  other  products  arise,  such  as  lactic  acid, 
gum,  and  manna.  Though,  therclbre,  deCQin position  -will  go  on  ttirough- 
out  all  tilts  range  of  (empcratnrr,  the  products  will  vary  very  much,  al- 
cohol lx?iiig  tbniicd  at  a  low,  and  lactic  acid  at  a  high  degree. 

Again,  the  decomposition  of  milk  furnisltea  a  very  inHlnictive  instance. 
When  the  temperature  ranges  ftoiu  50"^  to  75°,  the  lirjuid  turns  sour, 
owing  to  the  formation  of  lactic  acid ;  hut  if  the  temperature  i&  over  90°, 
the  products  are  dlfterent,  for  now  a  true  vinous  femientalion  gcte  in,  al- 
cohol and  carbonic  acid  jip[>earing.  It  is  on  this  prihciplp  tliat  the  Tar- 
tars make  an  intoxicating  liquid  from  luaK'V  milk.  The  fennentation  of 
milk,  therefore,  yields  lattic  acid  at  a  low,  and  alcohol  at  a  high  degree. 

On  coiiipariiig  tiicso  illustrations,  the  results  stand  in  direct  contrasl. 
but  both  show  the  gwat  influence  which  a  specitic  dci2p'Re  of  heat  exer- 
cises over  RQch  sulxUvisiuns ;  and,  as  a  consequence  of  this  jirincijile. 
whicli  obtains  equally  in  the  physiological  case,  we  recognize  the  neces- 
sity of  mainlaining  the  cavity  of  the  stomach  and  intestine  uuifbnnly 
at  a  temperature  which  is.  fixed,  otherwiac  there  woul*l  coaac  to  "be  any 
uniformity  in  the  subdivision, of  the  food,  occasioned  hy  the  digestion 
there  going  on.  These  jirinciplos,  moreover,  lead  to  the  explanation  of 
the  action  of  such  stimulating  substances  as  alcoholic  liquids,  iieppcr, 
etc.,  wliieh  at  once  dctennine  a  local  elevation  of  tcra|»erature  ;  tlii-y  also 
explain  the  uijurious  eflects  which  may  ensue  from  iutemjicrate  draughts 
of  ice-cold  water. 

A  nitrogenized  substance,  in  a  state  of  change,  can  thuH  bring  about  & 
definite  action  on  fibrin,  coagulate<l  albumen,  or  casein  in  the  stomach, 
or  on  starch  in  the  intestine,  so  long  as  a  temperature  of  100*3  \^  main- 
LoMofiiower  tained,  but  in  every  known  instance  tliis  transmuting  power 
■"uklTuuipm^  '"*  totally  destroyed  by  exposure  to  a  very  low  or  ven'  high 
«urp,  degree  of  heat.      Large  masses  of  animal  matter — wliolc  cai^ 

cassea — may  be  preserved  for  many  centuries  unchanged  if  the  tempera- 
ture is  kept  down  to  '<^2°.  A  striking  example  of  this  occu]"s  in  the  case 
of  the  extinct  elcphante  which  are  occasionally  thrown  on  the  shores  of 
the  Polar  Sea  from  icebergs,  in  which  they  have  been  entombed  for 
many  thousand  yearg,  their  flesh  remaining  in  a  perfectly  fresa  and  un- 
dccayed  state.  And  as  respects  a  high  tcniperaturc,  an  exposure  to  212"^ 
totally  destroys  the  power.  On  this  principle,  all  kinds  of  meat  or  reg- 
^^9able  substances  may  be  indefinitely  preserved.  If  euch  are  inclosed  in 
metallic  canisters,  so  as  totally  to  exclude  the  atmospheric  air,  and  es- 
[toscd  to  a  bath  of  boiling  water,  they  may  then  be  carried  around  iho 
world  without  iindcrgoing  any  change. 
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One  of  tLe-«e  illustrative  casea  sJiIl  remains.  It  belongs  to  the  class 
of  clianges  now  luider  coTieitleratioii.  and  dt-scrves  a  proniinent  examina- 
tion from  its  connection  with  duodenal  digestion.  It  is  the  production 
of  tatty  bodies  from  starch  and  sugar. 

Physiological  consideration  a  assure  ua  that  there  are  circumstanceH 
under  Trhicli  oils  and  tats  can  be  formed  from  etarcJi  and  p.od„g,-n„ 
sugar  in  the  system.     jiVniTiials  can  be  fattened  by  feeding  fnis  from  ear- 
on  potatoes,  OT  other  SUcIi  food,  in  which  the  quantity  of  oil    ""'''   '"^' 
is  quite  insignificant.     Bees  can  make  was,  which  strictly  belongs  to  tht 
group  of  fats,  though  they  are  fed  on  pure  wliite  sugar. 

Such  results  can  be  artilicially  imitated,  if  a  atrong  solution  of  sugaj- 
be  mixed  with  a  small  qiiantit)-  of  casein  and  powdered  chalk,  and  ex- 
posed to  a  temperature  of  more  than  80*^,  carbonic  acid  and  hydlrogen  ari" 
evolved,  and  butyric  acid  forma  aa  the  butyTate  of  lime.  This  acid  aub- 
atance  ia  a  colorless  oily  liquid,  having  the  odor  of  randd  butter,  in 
which  indeed  it  e-xi&ts. 

Trom  a  review  of  all  the  preceding  facts,  we  may  conclude  that  a  nitro- 
genized  substance  Becrcled  by  the  follicles  of  the  stomach,  Couirwiof 
and  undergoing  incipient  oxidation,  acidulated  with  hydro-  ^faitindTixrMl' 
diloric  acid  obtained  by  the  decomposition  of  common  salt,  liou. 
or  with  lactic  acid  produced  by  a  conlimtation  of  salivary  digestion,  ban 
the  power  of  dissolving  coa^lated  albumen,  and  generally  those  articles 
of  food  which  belong  to  the  nitrogenized  class;  that  this  goes  on  in 
tlie  stomach,  it  being  the  function  of  thut  organ  ti>  effect  the  digestion  of 
this  klud  of  food,  and  thereby  contribute  to  the  general  nutrition  of  the 

item.  The  muscular  tissues  are  supplied  from  tliis  source,  and  by  the 
stomach  their  waste  ia  repaired. 

Another  and  distinct  digestion  takes  place  in  the  intestine,  commenc- 
ing immediately  after  the  food  gains  the  duodenum.  It  too  is  brought 
about  by  the  action  of  a  special  liquid,  a  mixture  of  the  pancreatic  and 
intestinal  juices.  The  chemical  reaction  of  this  juice  is  alkaline ;  in  this 
respect  it  is.  therefore  antagonistic  to  the  gastric  juice.  This  quality  is 
due  to  the  soda  it  contains,  a  substance  derived  co-ordinately  with  hy- 
drochloric acid  from  the  decomjjogition  of  conmion  efllt.  The  digestion 
of  starchy  and  saccharine  bodies  is  thus  effected  by  dividing  them  so  as 
to  produce 'lactic  acid. 

This  done,  common  salt  is  reproduced  by  the  commingling  of  llie  gas^ 
trie,  biliary,  and  [lancreatic  products  together.  The  salt  is  carried  by  the 
abfiorljcjita  into  the  interior  of  the  syslcm,  to  be  again  decomposed. 

Moreover,  the  pancreatic  and  enteric  juices  reduce  the  olejiginoua  and 
fatty  bodies  to  the  condition  of  sin  emulsion,  or,  if  they  be  not  present 
in  the  food,  give  origin  to  tliera  in  the  way  just  described. 

The  reaction  of  the  iiitestinal  contents  not  only  diflera  in  ditfcrcnt  poi- 
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SncMAsiv*  tions  of  the  tiilje,  hut  in  the  same  region,  in  tliffercnt  pArls 
MMfithwi^h  of  the  mass,  its  exterior  may  be  alkaline,  its  interior  acid,  or 
U)c  intcatiiic.  the  conversG,  The  acidity  wlijch  lifts  been  impartctt  hy  the 
gastric  juice  seems  generally  to  have  disappeared  some  time  before  the 
large  iutestine  is  readied.  In  this  an  alkaJiiic  reaction  is  obeerved.  The 
causes  of  this  ])rolong(!d  acidity  arc  very  various.  In  part  it  dF]}enda  on 
the  nature  of  the  food,  in  part  upon  the  ga.s.tTi(r  juice,  as  has  just  been 
stated,  and  in  part  upon  the  production  of  lactic,  butyric,  and  other  acids. 
The  resinous  ingredients  of  the  bile  may  l>e  detected  as  (m  as  the  lower 
extreniity  of  tlic  ileum.  Glucose,  originating  in  the  action  of  the  pancre- 
atic and  intestinal  juices  on  starcli,  may  be  recognized  tliroughout  the 
whole  length  of  the  canal,  but  that  whicli  lias  lx;en  uilroducetl  in  the 
food  seems  to  be  absorbed  in  the  stoniaeh  iti^elf;  thus,  in  milk^fed  ani- 
mals, sugar  does  not  appear  to  descend  beyond  the  jejunum.  The  trans- 
mutation and  reabsorption  of  biliary  matter  comnieuws  in  the  small  in- 
testine and  proceeds  continuously,  so  that  by  the  lime  the  middle  of  that 
portion  of  the  tube  is  reached,  half  the  bile  is  gone. 

Since  the  intestinal  absorbents  c:in  only  take  up  a  definite  proiiortion 
of  fat,  it  might  be  expected,  as  is  really  the  cai^e,  that  after  au  uiiu;*ual)y 
fatty  diet,  fat  stibstances  will  be  found  in  the  excrement.  Indeed,  a  cer- 
tain small  proportion  always  so  occnrs. 

Of  the  salt  substances  usually  occurring  in  the  food,  most  disappear 
Salt*  of  ihe  in-  during  their  passage  through  the  intestine,  and  henw  but  lit- 
'"tiim.  tie  IB  found  in  the  ia-ces ;  more  partieidarly  is  this  the  case 

with  those  of  a  ver}'  soluble  kind.  t_>f  the  Bulphatcfl  and  chlorides  of  the 
food,  not  even  n  trncji  may  occur  in  the  cxeremeut.  If  these  substances 
should  not  be  required  for  the  uses  of  the  system,  they  are  promptly  i^ 
moved  by  the  kidneys,  and  in  the  same  manner  are  disjiosed  of  any  ab- 
normal wtlt  substances  which  may  have  been  puriwsely  adralinstercd,  as, 
for  instance,  iodide  of  jrolassiuin. 

The  gaseous  contents  of  the  intestine  orifcinate  in  part  horn  the  nir 
{luctorUie  ^hat  has  l>e<'n  introduced  during  the  mastication  of  the  food,  in 
JniAUiBe.  part  fpom  fennentative  processes  occurring  after  ccriain  articles 
have  been  used  which  are  only  inijMrfeetlv  digested,  and  in  pan  from  the 
endoemosis  of  gas  from  the  blood  through  (he  walls  of  the  inlestiiud  cnp- 
illaries.  As  comjwired  with  atmospheric  ftir,  though  the  ^mjwgition 
munt  necessarily  l»e  very  varioua,  the  inle^tinal  gas  »hows  a  great  excess 
of  carbonic  acid  and  nitrogen,  a  diminution  and  sometime*  even  a  totiil 
absence  of  oxygen,  the  presenra  of  pure  hydrogen,  and  of  its  carburels 
and  sulphuretj}.  The  quantity  of  this  latter  giusi  is  less  than  might  be 
espected  from  its  odor,  and,  as  would  be  antieiimted  from  the  circam- 
stances,  the  accumulation  of  gas  is  much  nmre  abundant  in  the  large  than 
in  the  Bmall  intej»line> 
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Sclimitlt  shows  tliat  the  intcroiediatR  ciixiailation  of  water  toward  tlie 
intestine  is  far  itiore  consitlcmblei  than  its  final  exfTetiim,  and  WaifpfiufBWK 
amrmnts  in  one  day  to  nearly  one  fourth  of  the  whole  quan-  l^n'"^'"  "'"'' 
tily  of  walpr  in  ihe  body. 

Aa  the  digested  mass  passes  onward,  driven  hv  the  peristaltic  motions, 
throxigh  the  convolutiona  of  the  intestine,  it  hecomea  of  a  Ccimiiii-Kihaii- 
more  solid  consistency,  aa  tiic  ahsorbeiits  gradually  remove  ^7au'niii'«ii'i- 
Its  liquid  portions,  By  the  time  it  has  reachetl  the  cfecum^  tent*. 
the  ^me  effect  which  arose  in  the  stomach  from  salivary  dij^eation  is 
repeated,  lor  the  traces  of  uniihsorhed  lactic  acid  cause  nutritive  diges- 
tion to  Ijc  again  feebly  re9iimed,.at  all  events  in  herbivorous  animals,  it' 
net  in  man,  whose  ctecum  is  nidimentary,  under  the  form  of  the  appen- 
dix verTiiiformis.  From  Fever's  glands  a  secretion  has  exuded,  which 
perhaps  gives  to  the  mass  the  characteristic  odor  it  is  now  assuming,  if, 
indeed,  these  organs  are  not  connected  with  absorption.  Tlie  eUcte  re- 
mains are  tinally  voided  as  fa-ces,  which,  due  allowance  being  made  for 
tlie  water  they  contain,  amounting  to  about  75  jkt  cent.,  may  be  rep- 
Tpsentoil  as  averaging  aixiut  1^  ounce  jkt  day.  Tliese  pxcrcnieii  til  ions 
remain?!,  colored  yellow  by  the  coloring  material  of  the  bile,  are  partly  de- 
rived from  the  residues  of  the  food  which  have  Ijccu  unacted  upon,  and 
partly  from  the  decay  of  the  system  itself.  The  microscope  shows  the 
remains  of  cell  membranes,  and  the  walls  of  vegetable  vaa-  Fomiaiios 
ciilar  tissues,  starch  granules,  and  chlorophyll,  tlie  rellca  of  ear-  of^*"**- 
tilaginoiis  and  fibrous  tissues,  abreds  of  muscular  fibre,  fat-cella.  From 
the  dij^sti^'e  tract  there  have  been  derived  mucus  corpuscles,  epithelial 
cell?,  and  the  coloring  matter  of  the  bile.  Perhaps,  too,  much  of  the  wa- 
ter which  gives  cnnsistenry  to  the  fu-ecs  has  lioen  derived  from  tiie  intes- 
tinal walla,  for  in  quantity,  under  certain  circumstances,  it  may  exceed 
tlie  amount  tlxat  has  been  used  as  drink. 

In  ita  passage  through  the  intestine,  that  portion  of  the  bile  which  has 
not  been  absorbed  undergoes  considerable  changes,  itsconju-  DigappesTsiicc 
J.gated  acids  degeiieratirg  into  dyslysin,  which  may  be  recog-  oft^eiiiLe. 
nized  in  the  faces,  as  ig  also  the  cane  with  (he  modified  pigmentary  mat- 
ters ;  the  aqlnblc  mineral  constituents  are,  for  the  most  part,  absorbed. 

The  reducing  agencies  in  the  intestine,  and  the  manner  in  which  sub- 
etanees  can  find  their  way  into  the  urinar;^  saretion,  ia  well  inddunui  re- 
illustrated  by  the  administration  of  indigo,  which  undergoes  j,"Xn"^' 
deoxidalion  into  the  condition  of  suboxide  of  iaatine,  and  will,  tine, 
notwithstanding  the  agency  of  arterial  blood,  appear  in  that  condition  in 
the  urine,  to  which,  Ufwn  contact  of  the  air,  it  imparts  a  blue  tint,  becom- 
ing more  intense  under  a  prolonged  exposure,  and  eventually  indigo-bluc 
being  deposited.  Such  a  restdt  not  only  shows  how  energetic  are  the  re- 
ducing agencies  in  the  intestine,  but  also  with  what  facility  very  oxidiz- 
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able  material  may*  under  certain  conditioiiis,  be  exposed  to  arterial  bloo<l 
without  oxiilalion.  Yet  that  this  ^rant  of  action  is  wholly  due  to  inci- 
dental circumBtaiicea  is  eJiown  irom  the  fact  t]iat  pnlts  of  organic  acids 
arc  much  mortj  quickly  oxidized  in  the  blood  tiian  they  arc  in  tlie  open 
air. 

It  is  interesting  thus  to  observe  how  the  death  of  one  part  of  the  body 
Advattt.ce  ministers  to  the  lite  of  tlie  rest?  for  the  nitrogenized  and  act- 
lakeii  of  th»  ive  principles  of  t}r-  juices  aecteted  for  the  accomplighinent  of 
tto^onidOT-  digestion  are  on  the  descending  career,  and  are  tndy  dying 
gKnjHui-  matter.  The  incipient  stage  ol' decay  through  wliich  thcv  are 
passing  reacts  on  the  food,  and  prepares  it  in  a  tempomry 
ninnncv  to  replace  those  parts  of  the  body  which  are  ceasing  from  activ- 
ity, and  about  to  be  removed- 
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Dmfil*  Mivianum  for  Abmrpiitm. —  77*  Lurlenlit  and  Vnns. — Larteai  .ifnniriifiriTT.  Dcacrj/i 
Hon  o/a  ViUm,'-^  AJinloi/itst  in  I'lmts,  —  /niroduftian  a/  t'ni  {y  the  ViilL  —  ITie  dyle. — 
CVfME'  'ifl^t  I'^toip  of' f^^yit. — inttnnriliate  (J'hanifrs  on  its  faattiifp  la  fAc  fihoj,- — Avium  of' 
Prger'M  Bodirs.  —  Lgaijihntu:  Ahgirrjtlian.  —  jVcjiitre  of  LtjmfJi.  —  Fitrwinrt  of  Ihn  Lfoijikatir 
.SyiiMni. —  Ciu»/Kjri*on  of'  0)i/lr,  Lgmjiii,.  nod  Hfrum,-—  ftmrlirm  ttf  the  /^^ru/itatir.  .S'yafnn. — 
I'rodictioa  at  Fihrin. — ■  Culantaaa  Absurjittani, —  (.hitara  of' the  t'linc  of  I.tfi/ifi. — A/fjiamtt  ■»- 
U^tiaff  fiUH'cr  of  lite  AlmorfM-vln, — CoOnCtici/i  o/'tfit  Lat^eoin  aad  L^'uplmik/t  nilfi  the  laocuito- 
tiiv  arid  Re^pitatorf  Mfthaaistn. 

TuE  food,  after  digestion,  though  in  the  alimentary  tract,  is  exterior  to 
,,  ,,  .  the  animal  syatem.  ilcana  have  therefore  to  be  rcKorled  to 
tkaUm  fur  hW  foT  its  introduction  into  the  circulation,  and  its  distrihution 
sorption-  ^^  every  part.     This  is  accompliaUcd  by  a  double  meclmmsni, 

one  portion  of  which  is  adapted  to  the  digestion  which  has  been  going  on 
in  the  BtDinach,  the  other  to  that  which  is  completed  in  the  intcsibio. 
The  reins  which  are  profusely  spread  on  the  wjUIa  of  the  digestive  cav- 
ity constitute  the  fonncr  apparatus,  the  lacteal  vessels  the  latter, 

Tlie  lacteal  vessels  may  be  described  as  delicate  tubes,  conveying  ma- 
DeiK-ripiiun  tif  tcrials  absorlied  from  the  intestine  into  the  blood.  Their 
»vii]u«L  moilc  of  origin  may  be  understood  by  considering  thera  as 

projecting  with  a  tine  but  blunt  end  upon  the  inner  coat  of  the  intestine. 
This  projection  ta  covered  over  with  smooth  muscle  cella  and  a  plexus  of 
bloc»d-vcssels,  a  continuation,  as  it  were,  of  those  of  the  mucous  coat  of 
the  intestme  itselt*;  they  arc  held  together  by  connective  tissue,  and  over 
thut  is  caat  a  covering  of  cylindric  epithelium.     This  construction  con- 
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stiiutes  what  is  called  a  villuB,  the  sliapc  of  wliich  is  conical,  or  jwrhaprf 
L'jlindrical.  The  villua  mfly  then  be  regarded  as  a  |woce*8  of  mucous 
membrane. 

fig.  is.  J^'ig.  25  is  a  eection  of  t!ie  ■ft'sH  of  the  ileum, 

a  being  the  villi ;  h,  glantL^  of  Lie-  a,^,^^^  ^ 
berkuhn ;  c,  niusciilar  layer  of  mu-  tTjo  inufstinal 
coua  membrane ;  rf,  folljiL'les  ot'a  Pey-  ^^    ' 
er's  patch ;  e,  reraainder  of  BubmncoHS  tiaeue  be- 
neath them;  f^  circiilfir  imisclea;  g  /,  longitn- 
dinal  muscles.     (KoUiker.) 

Fig.  24  represents  tlic  distribution  of  blood- 
vesBels  to  the  viUi  of  the  intestine  of  the  raon- 
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lUrtribiltlaii  of  artpitcii  and  volna  on  «II1E  it 

laankey, 


key.    The  figure  was  draivn  by  the  camera  lucida,  a  a  being  the  arleries. 

A  b  the  veins. 

The  fomi  of  the  villi  differs  iji  different  regions  of  the  inteatme.     In 

the  duodenum  tlicv  are  leas  elevated,  laminated,  and  broad' 

FT.  -        T       1       •   •  ■       -  T     1      .  1      Ftirms  of  vilU. 

er, -Tf^f.  25.     In  the  jejunum,  more  projectmg  or  cylmdroid, 
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tHririmiHon  of  bln-d-vfisr-lii  ou  lbs  rllll  of  Uis  DUtilbutldd  of  Liifrod-rru^'U  an  tbu  rUll  vi  Van  Jc- 

duodBnuDu  Jnonm- 

I^ig.  2C.    In  all  cases*  however,  they  are  abundantly  supplied  Tnth  hlood- 


m 


STRICTTBE  OF  THE  ViLLl. 


vesselH.  Tlieir  epithelial  covering  of  cylintlroid  cells  is  sliown  in  the 
sectioiml  cUagram,  J^iff.  27,  a  af  at  &  A  is  tlie  origin  of  ibe  lacteal  aris- 
ing obscurely.  J'-f.  st, 

So  amply  arc  ih^e  villi  supplied 
with  blood- vessels,  that  ii,  afttr  iii- 
rariuiieupii.-     jpclioti  with  coloring 

alia.  dric  epithelium  be  re- 

movcfl,  they  3Win  to  be  tinged  all 
over.  Each  crJ!  of  the  epithelium 
appears  to  be  filled  with  graimlar 
matter,  and  to  have  a  well-mnrkeil 
nucleus.     Some  anaiouasts  assert     C(imp«iviiinnMrti«i.ir(it<«7ii"J»('«''piuwii»i(i- 

that  that  end  of  tlicae  cells  nearest  the  cavity  of  the  intestine  is  in  reality 
open,  and  in  tliis  manner  they  account  for  the  rea<ly  passage  of  oil  glob- 
ules into  them,  and  also  for  the  appearance  of  solid  foreign  bodies^  as  Ob- 
terlein  ob»er\-ed. 

Though  wc  have  described  the  lacteal  as  a  vessel  projecting  into  the 
Odein  otihts  interior  of  the  iutesttnc,  it  is  by  some  A"iewed  rather  as  a  mere 
lactoL  exeaivatiorii  in  tije  vilJu-?.     The  villi  impart  to  the  ?jmcous  mem- 

brane an  aspect  Bometlmes  Ukencd  to  the  pile  of  velvet.  On  an  aveiage, 
their  numlx-r  uiKin  a  wjuare  ineh  is  iibtrnt  10,000.  The  entire  number 
of  these  organisms  must,  therefore,  amount  to  many  millions.  At  one 
time  it  was  ftiipposed  that  tlie  hicteals  ojwu  directly  into  the  intestine — an 
opinion  which  \n  now  iiniversally  aljandoncd.  The  action  of  each  villus  ia 
doubtless  more  cotnplicated  tlum  is  generally  represented,  for  the  organic 
fibre  cells  it  contains  give  to  it  the  power  of  esecullng  rhyllimic  motions. 

"\Mien  the  operation  of  the  lacteal  vessels  as  absorbents  ivas  first  de- 
ThtUi^ifAU  teeted,  it  was  believed  tli^t  all  nutriment  is  introduced  by 
T'  '''ll*''"*  their  means.  But  there  are  many  animals  whollv  destitute 
nbH>n)ii«iL.  of  tlii^  system  of  tubes,  for  instance,  the  invertebrates.  Even 
in  many  fishes  the  villi  arc  absent.  In  aiieh  cases  alj3or|>tinn  must  nec- 
OBsarily  be  conducted  by  the  veira*  Jloreoixr,  though  there  are  no  lac- 
teals  on  the  walls  of  the  stomach,  nor,  indeed,  on  tliat  part  of  the  intes- 
tinal tulK-  ndiioh  is  higher  than  the  place  of  introduction  of  the  biliary 
and  pancreatic  ducts,  there  are  many  subsliuices  freely  flbgorlM^  from  (he 
gaMric  cavity  i*hcn  ita  pyloric  orifice  is  tied.  It  has  already  been  men- 
tioned that  ihe  fitoniaoji  ab^orb.s  Heater  with  remarkable  rapidity.  The 
duetriin*  that  iho  Iru-teals  are  the  esehisive  organs  of  absurption  mu^t, 
therefore,  be  Rbandonisl,  for  it  is  plain  that  the  venous  system  parliciiiale& 
in  thia  duty. 

Tlw  function  of  alworption  has  therefore  to  be  examined  from  two 
poiiitA  of  viow.^     As  there  are  two  digestions,  one  producing  a  perfect  so^ 
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Intion,  and  the  other  an  emulsioned,  but  not  dissolved  Btate  Conditions  *r 

of  the  food,  so  tLerc  are  two  absorbent  aystems,  the  lacteals  l!J!"i,'^f,J  *"','/ . 

and  the  veins.     The  tacteaU  introduce  such  siibstmiccs  as  are  lini. 

not  absohitelj  diasoived,  particularly  the  oils  and  fats.      The  veins  ap- 

jicjir  to  take  up  those  substances  only  whidi  are  completely  dissolved  iji 

water. 

Aa  in  many  other  cases  in  physiology,  so  in  this,  a  correct  Lnterprela- 
tion  of  the  fnnetiona  of  the  animal  meclianisni  may  be  ob-  ..  ,-™-„ 
tallied  by  examining  the  correapoiiding;  structures  and  tunc-  piuDts,  ihuir 
tioiis  in  plants.  Lithe  more  perfect  of  these,  tlie  absorption  *"'■''"  "'^'*'P- 
of  watery  material  from  the  ground,  constituting  the  ascending  Sap,  is 
broufihl  about  by  the  agpocy  of  collections  of  soft  cells,  wlucU  arc  place^l 
at  the  extremity  of  each  rootlet.  They  are  designated  spoil gioles.  By 
their  action  the  fluid  i.**  forced  up  through  the  tubes  of  the  sap-wood  into 
the  leaves,  and  there  exposed  to  tlie  conjoint  agency  of  the  sun  and  air. 
A  change  is  thua  aceoniplialied,  and,  from  being  crude,  il  turns  into  elab- 
orated sap,  and  now  descends  through  the  bark,  to  be  diHlrihuted  to  every 
of  the  plant.  Ita  ascent  is  caused  by  the  cells  of  the  spongioleia,  its 
kiA^cent  by  the  chemical  chflngr^a  occurring  among  the  cells  wliich  arc 
found  in  the  sttuclarc  of  tlie  leaves. 

These  cells — both  of  the  roots  md  of  the  leaTCs — are  far  from  contin- 
uing their  action  for  an  unlimited  jjeriod  of  time.  At  the  most,  their 
CAistence  is  transient.  TJiose  of  the  roots  are  gradually  lost  by  decay, 
or  converted  into  solid  Btructurc,  as  the  elongation  of  the  organs  tiirough 
the  ground  goes  on.  Tliosc  ot'  the  leaves  are  equally  transitory.  At 
periodic  intervals,  both  in  deciduous  and  evergreen  plants,  the  iall  of  the 
leaf  oecurs — a  new  organism  succeeding  in  another  summer  to  make  up 
for  the  one  which  has  passed  away. 

Wliatever  nutrient  material  is  taken  from  the  soil  in  the  case  of  plants 
is  introduced  by  the  aid  of  a  cellular  structure,  and  the  cells  die  after  ac- 
con]]ilishing  their  duty. 

It  was  once  a  sa>ing  among  physiologists  tliat  the  lactealB  are  the 
roots  of  animals,  and  in  this  there  is,  in  reality^  a  great  deal  Anoloyv  lie- 
of  truth,  for  between  the  rootlet  of  a  plant  and  the  lacteal  of  S^^^J  pl°^', 
an  aiiiiuiil  there  is  a  conspicuous  relation,  not  only  in  struc-  foots. 
tute,  but  also  in  frinction.  As  is  seen  in  J^ig.  27,  upon  cacJi  villus  of 
tlie  intestinal  tube  there  is  a  layer  of  cylindric  colli*,  underneath  which  the 
lacteal  vessel  takes  its  rise,  for  it  does  not  open  by  a  free  orifice  on  the 
interior  of  the  mtestine,  but  its  tla.'ik-shaped,  loop-like,  or  convoluted  or- 
igin is  obscurely  seen  in  the  midst  of  the  cells.  The  nspect  which  tlie 
villi  present,  from  its  doubtful  nature,  has  led  to  the  erroneous  conclusion 
that,  as  soon  as  active  digestion  goes  forward,  cells  rapidly  develop  with- 
in the  epitheliojH,  and  continue  to  do  so  as  long  as  the  intestine  contains 
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f^Ugmed  ntfte;  tkic  tier  beco^  imi^ 

,  UK  of  a}Mut  Ae  y^  td  ■■  inr^:  1^1,  a»  ii»^ 

thnnr  it  into  tlie  facSeal  uAe,  dAs  W 

the  HBiie  ttme  act  &w  fanods  otf'gnBv  1 

80  &r,  ihmfece,  M  tlidr  danSSoa  is  coBcoKd,  if  4w  W 

ry*  Itirv  are  mai  acic  tnoKfeBiT  tlnai  dv  < 
11ut  the  lActe^  ne  rwiiiiiiul  vi& : 

Vsl  U  has—     pUiul  J   i«"frptH   by   ^    dBCHM^BOH  rf 

tiw  Uoni       pnt  cf  the  dnodennn  windi  is  afamc  4e 

[wtic  and  puocatk  <liHts,  hot  IhIdw  that  poiM  ifcrri 
Auum  all  over  the  muJ]  bitwtise.     TV  ^^esdaa  of  tetr 
taking  pbce  nntt)  tlie  fixpd  has  guittd  ^  JuuJu— .  vcsmIb 
Horiition  of  the  ciatilnoiu  to  whkh  that  Hgeataam  pvcs  me  1 

i||iiiri!d  until  after  that  pmni  is  passed.     Convddk  if  lal  m^. 

I  he  loctealii  are  only  lytnfjiatica  which  aic  lakii^  ^  «d 

ll')<';rn.     In  view  of  the  nae  which  the  oiU  raLBorv  in  thri^H 

I  Iba  lact«ala  are  in  Kalitr  an  s^^Kndix  to  the  xeqintery  syotm.     Therr 

can  be  no  donbt  that  t  bj(m^  their  channel  4ib  and  &<^  BM^  ^  &CM  of 

[•mulabna,  arc  tiananiitted !« the  blood.     The  mt\j^  of  tfce  dwV  shews 

^  that  it  i«  always  rich  in  (at,  and,  indeed,  it  is  wtyyoagd  W  aoKie  (^t»- 

lologiata  that  the  objerts  jn^t  described  as  cdts,  bmiumJiag  ike  ongiB  «f 

ihe  lacteala,  are  noibing  more  than  oU  or  lat  glolmkB  aoeawriatod  tboe 

and  tvaiting  to  be  taken  tip.  Of  that  the  disappearance  and  esnvBUioB  of    . 

tlic  flo-ralled  cells  ia  an  optical  deception,  due  to  their  walls  beeowing 

permeated  with  oiL 

1  The  manner  in  which  oil  globiJea  collect  ronnd  the  TtOoa  I  bare  re- 
marked as  being  very  gtrikiiigly  displayed  »¥>t 
in  the  Rase  of  tlie  ^y  aqninrel  after  feed- 
ing on  fatty  nuts.  \9  eliown  in  Fig.  28, 
tlie  whole  gtroctnre  looks  as  if  it  were  dis- 
tended with  oil  globules,  a  a,iT\  the  midst 
of  which  the  origin  of  ilie  lacteal,  h  h  ft,  may 
be  dou^tltiUy  and  dimly  diecemed. 

Although  it  can  not  be  admitted  tliat  the 
ETolutloa  «»<]  production  and  deliqucBcencc 
^1^^"^  of  the  ceDe  of  villi  is  a  demon- 

villi.  «trat«d  fact,  and  that  on  this  the  action  of  the  lacteals  as  ab- 

jorbcnt  vessels  for  the  raoet  part  depends,  the  rapid  evolution  and  disap- 
peaiance  of  these  cells  is  by  no  means  a  physiologieal  impossibility.  Bot- 
anists assert  that,  in  a  single  night,  the  Rcvista  gigantcum.  a  puff-ball, 
^  develop  from  a  mere  point  to  euih  a  size  that  it  must  contain  fifty 
d  millions  of  cells— a  number  that  seems  almost  incrodihle.     The 
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development  of  cells  in  the  villi  of  the  intestinal  tiibe,  in  ccmntlees 
crowds,  may  therefore  be  within  the  bounds  of  poaaibility. 

If  tliis  be  the  case,  the  cells  which  thus  come  rapidly  into  esiBtence 
in  tlic  vLLIi  appropriate  those  articles  of  rei^piratory  food  which  are  of 
imperfeet  solubility  in  water.  To  this  class  the  oils  belong.  Each  cell 
then,  as  it  dies,  yicldis  up  its  contents  to  the  lacteal  tube.  In  the  white 
fluid,  the  cliylc,  whicli  flows  along  those  tubes,  are  many  pale  or  color- 
less corpuscles  continually  eoming  into  existence.  These  seera  to  im- 
press a  change  upon  the  chyle,  and*  to  give  a  full  opportunity  for  such 
action,  that  Huid  is  compelled  to  flow  gradually  through  long  and  sinuous 
channels,  for  the  glands  in  the  mesentery  may  be  regarded  as  convoluted 
windings,  or  rather  plexuses  of  tubea,  to  whicli  that  particular  form  ib 
given  for  the  sake  of  closeness  of  package.  From  the  enveloping  cap- 
(rale  of  fibrous  tissue  of  the  glands  thin  sheets  are  projected,  gt_,.[t,-  „? 
and  so  ititemetted  as  to  divide  the  whole  gland  into  utanj  ih^  mescuitri'- 
alveoli.  These  are  fiUed  with  a  pulpy  material  supplied  '^ "" 
with  delieate  blood-vessels.  The  chyle  either  oozing  through  this  ma- 
terial eventually  escapes  from  the  gland  by  tlie  efferent  vessels,  or  make? 
the  passage  in  its  own  thin  tube.  In  reptiles,  in  which  there  are  no 
such  glands,  the  lactcals  are  extended  to  a  vcrj*  great  lengtli. 

The  manner  in  which  the  chyle  passes  through  the  mesenteric  glands 
is  tlierefore  explained  difterently,  aecording  to  the  view  hj,,!,.  „(■  ,^t[on 
which  is  taken  of  the  structure  of  those  or^ns.  If  they  i>i'theiiicBeiitie- 
are  considered  aa  mere  dilatations  of  the  lacteal  vessel,  from  '"**""  ■ 
the  sides  of  which  partition  procesiBcs  arc  sent  oft',  the  interspaces  being 
tilled  with  granular  material,  through  which  delicate  blood-vessels  pass. 
the  chyle  is  to  be  considered  as  oozing  through  this  granular  stnicture^ 
and  crossing  directly  in  contact  with  it.  But  if  wc  accept  the  doctrine 
that  the  cJiyle  is  conducted  tlirough  the  gland  in  a  plexus  arising  from 
the  incoming  lacteal,  the  granular  material  being  outside,  then  the  influ- 
.ecce  of  that  materialt  in  whatever  it  may  consist,  tivkes  effect  through 
Hie  delicate  walla  of  the  plexus.  The  like  a^cniurks  apply  to  the  lym- 
phatic glande.  Physically,  however,  the  condition  in,  both  cases  is  the 
same;  the  incouiing  liquid  iw  eimultaneonsly  exposed  in  the  gland  to 
'die  influence  of  the  grjinuliur  pulp  and  to  arterial  blood. 

The  chyle,  delivered  into  the  lacteal  tube,  ia  propelled  by  the  conjoint 
action  of  several  different  forces.     The  constant  accumulation  „  ... 

of  hquid  at  the  origin  of  the  vessel  produces  a  pressure  which  Ho*  ot  the 
can  only  he  relieved  by  motion  through  the  tube,  and  at  the  '  ^ ''' 
mouth,  where  the  lacteal  empties  into  a  vein,  as  sooner  or  later  all  do. 
either  directly  or  through  the  intervention  of  the  thoracic  duct,  a  suction 
fierce  Ia  exerted  on  the  contents  of  the  lacteal  by  the  passing  current  of 
the  TCnoufl  blood,  upon  the  well-known  Iiydraulie  principle  of  Venturi, 
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that  if  into  a  tube,  a  b^Fig.  29,  through  which  a  current  of  water  is  stead- 
Fi^.  aa.  ily  flowing,  another  tube,  c  d,  opens,  its 

more  distant  mmI  being  in  coinmujiicalir>it 
with  a  rescrv-gir  of  water,  c,  through  this 
tube  a  current  will  likewise  be  establish- 
ed, and  the  reservoir  be  emptied  of  its 
conleuts.  The  ctlect  is  still  greater,  as 
Bernouilli  demonstrated,  when  the  main 
current  is  floiviJig  toward  the  wide  end 
of  a  conicid  pipe.  Moreover,  the  lacteal 
tubes  arec]a.^tic,andfnrnisi(edwitli  valves, 
which  open  to  let  the  fluid  pass  Inward 
(he  veins,  but  clone  in  the  Oppo-'^ite  way* 
I'ritwii.tt-  of  VentuH.  Tlus  V:*lvular  mcchanism  renders  available 

any  prtasuro  arising  either  from  the  contractility  of  tiie  vessels  them- 
Mochaiiixin  fiir  selves,  or  from  those  various  muscular  niovcmrnts,  respira- 
irmitifvrnnK  ^Q,.y  ^^y  vohiiitarv,  wliicU  a.ttect  the  abdominal  walls.  The 
viiiii*  t.i  111*!  manner  of  introduction  of  the  great  laeleal  trunk — the  tho- 
UiiuLi-v«»«;k.  |._^j.|^  duct— at  the  angle  of  junelion  of  the  left  8ul>claviau  and 
r>  sa  jug^iilar  veins,  is  also  very  felicitona,  for  the  auc- 

liun  force  of  tliose  large  vesacU  is  there  ennjoin- 
ed,  and  the  cfteet  is  at  a  inaxliiium*  The  con- 
irol  of  tiie  blcKul  nmlion  on  the  chyle  molion  is 
ob^-ious  from  thie,  tliat  as  soou  as  the  circula- 
tion slops  the  chyle  stops,  and  this  not  so  much 
from  tho  engorgement  of  the  venous  trunks, 
which  renders  it  difficult  for  the  chyle  to  mate 
its  way  into  them,  as  froin  tlie  cessation  of  that 
tractile  force,  wbiub  solicits  the  chyle  to  move 
into  the  blood. 

I''irf.  30  represents  the  position  and  course  of 
the  (horaeic  duct,  and  its  manner  of  introduction 
of  the  chyle  into  the  blood  circulation.  (Wil- 
son.) 

1<  Arch  of  aorta;  S^tliorncic  aorta;  3,  abdom- 
inal aorta;  4,  artcria  innominala,  dividing  into 
right  carotid  and  right  subclavian  arteries;  5, 
left  carotid  ;  G,  left  subclavian ;  7,  superior  caviL, 
formed  by  the  junction  of,  8,  the  two  Ycn«  in- 
nominata',  and  these  by  the  junction,  9,  of  the  in- 
ternal jugu]^  and  sultclaiian  on  each  side;  10, 
the  greater  vena  azygos ;  11,  the  termination  of 
Th»  ihotiic-s  duet  the  lesser  in  the  greater  vena  azygos ;  1 2,  recep' 
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taculum  cliyli,  several  Ijiiiphalic  trunks  opening  into  it ;  13,  the  thoracic 
duel,  (Jiviiling  opposite  the  middle  ofthc  dorsal  vertebra:  into  two  branch- 
es, which  soon  reunite;  the  course  of  the  duct  behind  the  arch  ot"  the 
aorta  and  left  subclavian  artery  is  shown  by  a  dotted  Hne;  14,  the  duct, 
inakiug  its  turn  at  the  root  of  the  neck,  and  recciWrig  sevej^I  lymphatic 
trurdts  previous!/  to  terminating  in  the  posterior  flsjwct  of  tlje  junction 
of  the  iiilcrnHl  jugular  and  subulaviaji  vein  ;  15»  thu  termination  of  tlio 
trunk  of  the  ductus  lyniphaticus  dexter. 

As  to  the  Dianiier  in  wliich  digested  fat  finds  its  way  into  the  lacteala, 
it  seems  to  be  as  fo!!ow3. :  In  the  interior  of  the  cpitheliitl  „  ... 

cella  oil-drops  arc  detected,  while  on  the  outer  part  the  aur-  imroUutiiuiior 
face  presents  a  jiearly  aspect,  from  other  portions  of  oil  wait-  "'" 
ing  to  enter.  By  degrees,  all  ihc  cells  upon  the  exterior  of  the  villus  ex- 
hibit the  same  appearance,  tiie  parlicks  gradually  finding  their  way 
through  the  parenchyma  of  the  villus,  and  so  entering  the  lacteal  tube. 
If,  wilh  some  anatomists,  we  regard  tlie  lacteal  at  its  origin  aa  not  being 
a  true  vessel,  but  only  an  excavation  in  that  parenchyma,  much  of  the 
obscurity  which  surrounds  the  explanation  of  the  manner  of  the  entry 
of  oEcaginoua  material  into  the  laclciU  is  removed.  If,  moreover,  ■with 
other  anatonnats,  we  represent  t!ie  intestinal  end  of  the  cylindric  cells  to 
lie  Wanting,  and  the  cells  themselves  to  be  truly  cup-shaped  forms,  filled 
with  a  ^Tcculiar  i;ecretion,  through  which  liit  particles  and  even  solid  sub- 
stances may  pierce  their  way,  tiiia  likewise  would  remove  much  of  the 
difficulty.  But,  after  all,  even  if  the  general  opinion  of  the  structure  of 
a  villus  is  adopted,  that  tiie  lacteal  commences  with  a  blind  poucli  or 
blunt  tube  surrounded  by  a  network  of  blood- vessels,  and  over  this  an 
epithelium  east,  there  being  no  mouths,  or  poies,  or  apertures  of  discov- 
erable size  leading  into  the  lacteal  through  its  own  wall  and  enveloping 
structures,  we  should  alao  remember  the  extreme  niinutenesi  of  the  oily 
particles  suspended  in  the  chyk,  and  still  more  particularly  that  even 
this  size^  small  as  it  is^  is  deceptive ;  for,  Ln  passing  through  interstices 
too  minute  to  be  seen  even  by  optical  aid,  the  oil  particles  may  be  press- 
ed out  iinto  long,  tlircad-like  forms,  which,  as  soon  as  they  escape  into  the 
firec  cavity  of  tlie  lacteal,  assume  the  spheroidal  appearance  by  reason  of 
their  own  cohesion,  just  as  a  blood-cell  can  pass  through  a  vessel  of  a 
diameter  far  less  than  its  own  by  lengthening  itself  out  into  a  linear 
shape,  and  reaasuming  its  original  figure  as  soon  as  it  escapes  from  con- 
tincnicnt  and  pressure.  Though,  therefore,  the  lactcals  commence  upon 
the  intestinal  walls  as  closed  tubes,  this,  in  reality,  offers  no  obstacle  to 
their  absorbing  power  when  their  molecular  porosity  Is  considered. 

Peiiiaps  this  infiltration  or  intrusion  of  oily  material  is,  to  a  consid- 
erable extent,  aided  by  the  presence  of  the  bile,  or,  rather,  its  oily  con- 
stituent.    It  is  capable  of  easy  demonstration  that  oil  will  rise  much 


92 


CUANdBS  OF  -THE  CUTLE. 


higher  in  a  capillary  glass  tube,  the  inside  of  wliicii  has  been  coated  over 
with  bile,  than  in  the  one  which  lias  not  been  so  prepared. 

The  liquid  whidi  has  been  gathered  into  tiie  lacteals  from  the  intes- 
tine pursues  its  course  to  the  veins,  and  ultimately  enters  them.  The 
special  changca  which  are  impressed  on  it  during  this  passage  will  now 
be  explained. 

The  constitution  of  the  chyle  varies  with  the  physiological  conditions 
CoMtitnibn  ^f  tbc  System,  .\fter  a  period  of  fasting  it  is  colorless,  and 
MdchanKeBin  presents  the  general  aspect  of  lymph,  Jiereafter  to  be  de- 
^  ^"  scribed,  but  during  digestion  it  m  a  whitish  milky  duid, 
whence  its  name.  This  milkiness  depends  on  the  suspension  of  minute 
fat  or  oil  globules  in  it.  Their  diameter  ia  commonly  stated  at  the 
■5-5^55  of  an  inch.  Of  course,  tlie  composition  of  the  chyle  varied  in  dif- 
ferent animals,  and  even  in  the  sjimc  aiiiiii.il  nnder  diiVerent  diets. 


Oimjtoaiiiifa  0/  0igtr^ 
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Ham.                    Am. 

I^L           1           Mbil          1 
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With  so  many  causes  of  variation,  such  a  tabic  as  the  preceding  is 
only  valuable  as  giving  a  general  idea  of  the  natnre  of  the  ciiylc.  We 
Icam  from  it  that  the  predominating  solid  constituents  are  fat  and  albu- 
men. Tlic  percentage  amount  of  the  lirst  uf  these  in  the  sample  of  hu- 
man chyle  is  very  low,  a  fact  dne  to  the  circumatance  that  the  subject 
iVom  which  it  was  obtained — an  executed  criminal— had  eaten  but  Hitle 
lor  some  time  before  his  death.  In  like  manner,  the  chyle  of  horse? 
wiiich  have  been  kept  without  food  has  been  observed  to  exhibit  a  dim- 
inution of  its  fat  to  such  an  extent  as  to  be  less  than  one  tenth  of  the 
normal  amount.  It  is  to  be  remarked  that  the  saline  ingredients  of  the 
chyle  closely  represent  tliosc  of  the  blood,  both  in  cooslitution  and 
amount. 

The  composition  of  the  chyle  varies  at  different  points  on  its  passage 
roimUuiioiior  to  lite  veins,  there  being  a  gradual  diminution  of  the  alba- 
thyk  M  van-     ^^^^  j^^j  ^^^  increase  of  the  Kbrin,     Afterthe  passage  tlironcrh 

nl1»  )iiiinl3  (if  »  O  O 

itB.t)i,rM-.  the  mesenteric  glands  it  becomes  capjtlle  of  coa^ilation, 
and  will  separate  into  a  Berum  and  a  clot.  Examined  near  the  villi,  it 
may  be  regarded  as  an  albuminous  liquid,  in  which  are  suspended  glob- 
nles  of  fat  of  various  sizes,  down  to  the  degree  of  minuteness  juat  speci- 
tied.  The  nature  of  these  globules  is  determined,  by  the  action  of  sul- 
phuric ether,  which  readily  dissolves  them.     After  passing  through  the 
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mesenteric  glands,  the  percentage  amount  of  nlbuineii  declines,  and  the 
fat  globules  diminiBli  in  nuralHa'.  SirnuJtaneouaiy  the  speciid  cells,  to 
which  the  name  of  chyle  corpuscles  is  given,  make  their  appearance,  and 
llie  liquid  is  now  capable  of  coagulating,  omng  to  the  production  of 
tibrin.  Theae  characters  become  more  strikingly  developed  as  the  chyle 
adrances  in  the  tiiorucic  duct.  The  chyle  corpuscles  are  eventually  de- 
Ycloped  into  red  blood-cells. 

It  should  be  borne  in  mind,  in  all  discussions  respecting  the  composi- 
tion of  chyle  in  different  parts  of  its  course,  tiiat  it  must  i^e-  ,  .  _ 
ceive  transuded  matters  from  the  blood,  and  that  this  must  inm-su'iHtiou  " 
more  particularly  occur  on  its  passage  through  tlic  mescn-  """"^  '"''"^  ' 
teric  glands.  Owing  to  this,  it  is  qtiitc  probable  that,  even  thougli  there 
should  be  an  actual  consumption  of  albumen  in  accomplishing  the  raeta- 
moTphoses  which  arc  taking  place,  the  apparent  percentage  amount  of 
that  ingredient  may  increase  by  transudation  frotn  the  blood.  It  ap- 
pears to  tne  quite  probable  that  the  albuminous  material  in  the  lacteal,  at 
its  very  origin  in  the  villus,  has  been  derived  to  quite  as  great  an  extent 
by  transudation  from  the  plexus  of  blood-veaselfl  as  by  absorption  from 
the  digested  food. 

Wiiatever  may  be  tltc  special  manner  by  ivhieh  the  fats  pass  from  the 
intestine  into  the  lacteals,  they  have  scarcely  gained  those  snpoTiiiiiaiUaft 
vessels  before  tliey  undergo  a  change.     The  quantity  of  free  "^'t'li-fat. 
(at  diminishes,  and  that  of  saponified  fat  increases  ;  this  is  probably  ac- 
complished by  soda  obtained  lioni  the  blood. 

As  to  the  Hbrin,  it  can  scarcely  be  pupposed  that  the  imj»erfectly  co- 
agulable  variety  which  the  chyle  contains  should  have  been  DLni!n.'ii(L'itbe- 
derived  by  transudation  tlirough  the  vessels  of  the  strongly  flhrii?(!nJ^" 
contractile  kind  contained  in  the  blood;  and,  in  view  of  all  chyiu-iibrin. 
ihe  circumstances  of  the  case,  it  ^vould  ap}]ear  that  the  explanation  we  shall 

oSa;  of  its  direct  origination  from  the 
chyle  albumen  by  oxidation  is  correct. 
The  chyle  corpuscles   are  readily 
distinguished  from  the  blood-  „ 

.1  II        .     -        .-        Nftturoof 

cells,  not  only  by  theu-  white  thvi'!  Mr- 
appearance,  but  also  by  their  ^^^^*lf 
form.  They  are  spheroidal,  reatreaLaoo 
and  cither  homogeneous  or  ™' 
granular.  Those  of  the  frog  are  seen 
in  FUj.  31,  at  a  ff^  sparsely  scattered 
among  the  elliptical  blood-cella.  The 
photograph  from  which  the  engraving  is 
taken  exhibits  nearly  the  average  pro- 
portion of  these  bodies  in  that  animal. 


F"i.  .11. 
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By  the  action  of  water,  the  nucleus  of  the  chyle-ceU  becgnies  more  dis- 
tinct, its  increased  granular  aspect  making  it  more  visible,  as  in  Fig.  32. 

fV]^  33.  rig.  ML 


Chyle  c«rTlii«>lr>>  wUb  o-irEer,  lalenlSBd 
blN)  •lUiiii-tcni. 


Clijlii  caqiuxrlfiji  wllli  nwlk  Arid,  [□■;• 


By  acetic  acid  the  nucleus  is  greatly  contracted,  as  in  Fitj.  33,  and  some- 
times even  escapes  from  the  cell. 

In  emhrj'onic  life,  the  first  appearance  of  chyle  corpusclea  commonly 
coincides  with  a  change  in  the  airangeraent  of  the  respiratory  mechan» 
ism,  aa  the  closing  of  ihc  branchial  fissures,  indicating  a  connection  be- 
tween their  proihiction  and  the  activity  of  interstitial  oxidation. 

It  has  been  previously  stated  that  the  bodies  known  as  Peycr's  glands 
Peyer'*  bwlJe*  are  to  be  regarded  as  belonging  to  the  absorbent  rather  than 
i*o'uSulfl'*v^  ''^'^  digestive  apparatus.  In  structure  they  arc  analogous  to 
woi.  '  the  lymphatic  and  lacteal  glands,  consisting  of  a  capsule 
containing  granular  material,  in  which  loops  of  capillary  Mood-\'Pasel3 
are  laid.  From  these  proceed  many  lacteal  vessels,  as  may  be  very 
plainly  observed  during  digestion,  Tiieir  functions  would  therefore  seem 
to  be  the  submitting  of  the  chyle  to  the  aimultancous  influence  of  the 
blood  brought  by  the  arterial  capillaries,  and  the  pulpy  material  or  gran- 
ular plasma  they  contain.  They  are,  in  reality,  dilatations  of  the  absorb- 
ent veaseb,  accompllaliing  in  a  small  space  a  result  which  would  other- 
wise demand  a  very-  long  lacteal  tube,  and  probably  not  impressing  any 
otlier  change  on  the  chyle  than  that  which  would  have  occurred  in  sucli 
a  tube,  if  of  sufficient  length. 

It  is  not  possible  clearly  to  understand  the  fiinctions  of  the  laeleala 
g  .    without  a  deecription  of  the  structure  and  functions  of  the 

Funi'iiiitiFiofihe  lymphatics,  for  these  vessels  conspire  in  their  action, 
jmp  Btirt.  Anatomical,  chemical,  and   pliysio logical   considerations 

lead  us  to  conclude  that  the  formation  of  the  lymphatic  system  is 
closely  allied  to  that  of  the  lacteai-  The  two  classes  of  vessels  ijaabe 
their  appearance  together  in  fishes;  the  lymphatics  originale  in  a  net- 
work of  delicate  tubes,  but  are  disseminated  through  all  the  soft  tissues 
except  llie  nervous,  and  are  found  especially  in  the  skin.     The  fine  ini- 
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tial  tubes  griKlually  coalesce,  producing  those  that  are  of  a  larger  diame- 
ter, and  these  pass  through  glands,  which  might  indeed  be  regartled  as 
mere  jdoxuaos,  and  eventually  crajity  into  the  veins. 

A  few  niinutea  after  it  has  been  dnn'ini,  the  lymph  coagidates  into  a 
colorles.s  clot,  and  then  exhibits  contmctiori.  Compared  with  pruptTiien  of 
blood  in  like  circumstances,  the  clot  of  lymph  is  small  in  re-  h'"^v^- 
lation  to  the  serou.?  portion.  In  other  respects  there  is  a  general  rcsem- 
blflJite  between  lymph  and  blood  free  from  its  red  cells,  the  iibiin  and 
the  albumen  being  apparently  the  same  in  the  two  cases.  The;  saline 
conBtiluents  are  not  only  the  aaitie,  but  bear  the  same  ratio  to  one  an- 
other in  the  two  tlnids.  Their  absolute  percentage  amount  difiera,  be- 
cause the  lympli  contains  a  larger  proporlion  of  water  thiin  the  blood. 

The  lymph  arising,  as  we  shall  lind,  by  transudation  from  the  capil- 
laries, must  obviously  vary  in  different  partSj  those  parts  taking  from 
the  blood  the  materials  they  require  for  tiieir  nutrition,  and  yielding  to 
it  the  products  that  have  arisen  during  tlielr  waste.  Whatever  in  this 
manner  changes  the  composition  of  the  blood,  must  also  occasion  a  change 
in  the  transuded  liquid.  Tims  Sclimidt  has  shown  that  protein  bodies 
transude  through  the  eapillariea  of  the  pleura  moat  copiously;  through 
those  of  the  peritoneum  not  to  half  that  amount ;  through  tliose  of  the 
brain  and  those  of  the  subcutaneous  areolar  tissue  to  a  less  and  Eess  es- 
tcni.  Not  oidy  must  the  material  thus  oozing  from  the  capillaries  vary  in 
difFei-ent  regions,  because  of  variations  in  the  mechamcsl  constitution  of 
those  vessels,  but  it  must  also  change  even  lu  the  same  locality,  through 
temporary  accidents,  such  as  changes  ia  the  velocity  with  which  the  blood 
is  flowing.  An  attempt  has  been  made  to  show  that  the  transudation  will 
be  richest  in  albumen  as  the  blood  current  in  the  capillaries  is  slower. 

When  the  contents  of  the  lymphatic  vessels  are  subraitted  to  analysis, 
and  compared  with  the  chyle,  a  striking  difference  is  appar-  CuniposiiionDf 
ent.  The  chyle  contains,  as  has  been  already  stated,  large  b""'i'i'- 
but  variable  proportions  of  fat  or  oil  in  an  extremely  subdivided  state, 
from  which  the  lyuiph  id  free.  The  leading  solid  constituent  of  the 
lymph  is  albumen,  and  this  indicates  the  use  of  the  system. 

Chriifioidtioa  of  h^tajih. 
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The  functional  connection  between  the  lacteals  and  lymph  vessels  ia 
very  well  illustrated  by  the  following  analysis,  which  es-  FusiIde  cbyle 
hibits  the  composition  of  chyle  obtained  from  the  thoracic  ''ij'"'i"h- 
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duct  of  ft  man  who  died  from  softening  of  the  bTain,  and  who  took  noth' 
iiig  but  a  little  water  for  30  hours  preceding  Ms  d^atU.     (L'lleritiar.) 

Gnnposilioii  of  i^hylt  after  Farting, 
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The  constitution  of  the  chyle  so  nearly  appronchcs  that  of  the  lymph. 
Com  "•*  f  ''^^'  ^*^  *^  authotized  to  concluile  that,  during  fasting,  the 
irmjib  md  lacteals  transmit  lymph,  and  the  conclusion  gives  force  to 
"^  ■  '"■  the  obsexvation  abready  made,  that  the  albumen  of  chyle  is 

derived  rather  from  the  blooJ  capillaries  than  from  the  digested  food. 
Compnriion  of       *^^  Comparing  together  the  salts  of  the  serum  of  the  blood 
tbc  lytni^h  And  and  those  of  the  lymph  as  obtained  from  the  horse,  they  ap- 
pear to  coincide. 

Saitg  of  Senim  and  LymfA. 
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From  the  indications  presented  in  the^e  tables,  there  can  be  no  doaht 
_  -^  that  the  office  of  the  lymphatics  is  to  collect  the  albuminous 
lymptByc  avt-  matters  wliEch  have  every  where  transuded  from  the  blood- 
""■■  vcs3cl*,  or  been  set  firee  by  changes  going  on  in  the  soft 

parts.  Such  matters,  though  they  may  be  xe-gardcd  as  being  in  one 
sense  dead,  arc  yet  as  applicable  for  the  further  support  of  the  mechan- 
ism as  are  the  albumenoid  bodies  introduced  as  tbod,  and  paid  to  be 
taken  up  by  tlie  lacteals.  The  lost  table  shows  that  the  lymph  is  really 
nothing  Imt  a  diluted  aenun.  A  mcchanij>m  is  therefore  resorted  to  to 
turn  this  collected  albumen  into  fibrin,  and  thus  arises  a  lymphatic  gland 
— a  contrivance  which  tends  greatly  to  compactness.  This  stmctnre  Is 
Srru  re  of  ^^^  counterpart  of  the  mesenteric  or  laetcal  gland.  It  may  bo 
i^'DtpbaUc  described  as  originating  trora  the  coalescence  of  two  or  three 
^^  lymph  vessels,  which,  casting  off  their  external  coat  as  they 

enter  the  gland,  anastomose  with  one  another  in  various  ways,  ao  as  to 
form  plexuses  and  convolutions.  The  capsule  of  the  gland,  strengthen^ 
ed  by  the  coat  it  has  received  from  the  entering  vessels,  sends  forth  par- 
tition-like processes,  which  dip  down  into  the  grayish  I'ulpy  material 
filling  the  interstices.  On  their  emergence  from  the  gland  the  vessels 
recover  from  it  their  external  coat,  and,  during  their  passage  tlirotigh  it 
in  their  naked  state,  Llood-vessels  are  distributed  upon  thero.     The  ob- 
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joct  of  the  arrangement  Beema  to  be  to  subrail  the  liquid  contained  in 
the  lymph  veasel  to  the  action  of  the  pulpy  material  of  the  gland  and  ar- 
terial blood  under  the  most  favorable  circumstances,  the  thinness  of  tht 
wall  and  the  convolved  plexus  being  woU  adnpted  to  lliat  end. 

-F/i/.  34  illuBtratea  the  Ijinphat- 
ics  uf  the  lai^e  Intestine,  the  ad- 
joining parts  bring  cut  or  ilisplaced 
to  display  thens ;  a,  a,  aacending 
and  transverse  colon  dr;iun  aside; 
if  //,  descending  colon  and  ilg  sig- 
moid flexure  drawn  aside ;  c,  coe- 
cum;  d,  stomach;  e,  duodenum; 
f,  jejunum  cut :  j?,  A,  *',  lynijdiatics 
and  their  glands.  In  sudi  an  ar- 
rangement as  this,  the  lymjih  is  far 
more  ]>erfecllj  exposed  to  the  in- 
fluences to  which  it  has  to  be  sub- 
mitted than  It  could  possibly  be  in 
straight  lubes.  In  reptiles,  how- 
ever, fhiij  package  is  not  resorted 
to,  and  the  tubes,  being  s}3read  oat, 
give  the  false  appearance  of  a  great- 
er development  to  this  system  than  in  the  higher  tribes.  In  the  mam- 
malia, according  to  Professor  Goodsir,  wherever  the  lymph  tube  enters 
the  gland,  it  changes  its  internal  constitution,  losing  the  scale-like  cover- 
ing that  its  inner  coat  presented,  and  oftering  a  numerous  development 
of  nncleated  cells,  many  of  which  adhere  to  the  membrane  beneath,  bm 
Many  float  away  and  drift  witti  the  lymph  in  its  courae.  Tlierc  is  a 
constant  reproduction  of  these  organisma,  and  they  seera  to  be  connected 
with  a  change  in  the  albumenoid  constituent  of  the  lymph,  p„4,n.[ionof 
turning  it  into  fibrin.  And  thus,  if  examination  ia  made  of  fil.rinirilympli 
the  lymph  before  it  enters  a  gland  and  after  it  has  passed  ^ ""  ' 
through,  in  the  former  hislance  it  seoma  to  differ  but  little  from  the  liquor 
sanguinis,  or  serous  portion  of  tbe  blood,  as  has  been  already  shown^  but 
in  liic  lattcj  fibrin  begins  to  abound. 

professor  (loodflir's  \-iew  is  represented  in  tlie  diagram,  jP'^y.  35,  sbow- 

^V  Bfl.  jjjg  ^ijg  scale-like  ep- 

^.j?^^"^-.  ithelial    cells    of  the 

l^Tuphatic  tube  chang- 
ing into  the  nucleated 
cells  of  the  gliuid. 

DiBgnaiofslriiipI)  rIkdJ.  Evolnlton  of  wUiln  Ijmiph  Bluml.  -^^V'    ^^   illustrates 

the  generation  of  broods  of  colls,  some  being  attached  and  some  tree^ 
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Some  dicmists,  adopting  the  views  of  Liebig  re*pcctmg  tlie  essential 
Ftbrira  ooi  an  tlitFercnce  between  blocd  fibrin  and  iim&cle  tiLrin,  look  upon 
iffcH  bviy,  iiJje  former  euLstancCi  not  as  a  liistcgpnetic,  but  aa  an  effeic 
body,  a  concliLsion  whicb,  of  couise,  would  have  an  important  bearing 
upon  the  intcrpretatioti  ot'tbe  tiinction  of  the  glands  as  here  given,  as  like- 
wi»c  upon  that  in  the  corresponding  case  of  the  chyk.  The  weight  of 
phyaiolo^t'nl  evidence  is,  }iuM't;ver,  so  strongly  against  this  doctrine,  that 
we  ore  cotiatrained  to  rotniti  the  old  one,  and  therefore  to  regard  the  pro- 
duction of  tibrin  as  one  of  the  itnportarit  duliE^s  of  the  lympb-itic  system. 

The  abBorlient  vesseb,  whclht-T  lacteala  or  lynjiiUatics,  hwvt  therefore 
lt»  odo  of  "■  common  duty  of  changing  albumitiose  or  albumen  into 
l»r*Miui?iiu(iiii«l  lilifin,  and  (liipji^by  of  compensating  for  the  constant  waste  of 
ejuMii  ly.  ^j^^j,  p,jj,gtaj^(,y  which  ia  going  on  in  the  wear  and  tear  of 
the  muscular  ByBteni.  The  constitution  of  the  urine  proves  that  the 
amount  of  muscular  fibrin  destroyed  in  short  periods  of  lime  is  very 
great.  \Vc  can  not  estimate  the  liourly  consumption  at  less  than  G'i 
grains.  Such  a  waste  must  demand  on  cq,uivalent  compensation,  if 
the  animal  inechaiiisni  i.t  to  1«  kept  up  unimpaired,  and  every  care  U 
therefore  taken  to  omit  no  means  wliiuli  ntay  incidentally  offer  for  lius- 
b»nding  the  necessary  materials.  The  action  of  the  lymphatica  iUtw- 
trafcs  this  principle  siguificanily.  Passing  through  all  the  soft  s"Ilds 
where  exudation  i>f  alhumen  from  tlie  blnod-vcssels  can  take  pjace.  they 
collect  the  materials  that  would  otherwise  go  to  waste,  and  add  tliereto 
many  of  the  producla  arising  from  the  disintegration  and  decay  of  the 
soft  parts  lliemselvcH.  Kccciving  all  these,  tlicy  transmit  them  through 
ihf.ir  windings  in  t!ie  glands,  and  thus  submit  them  to  the  action  of  the 
innumerable  cells  which  are  ttucrc  coming  into  exiattnce.  As  in  the  egg 
of  a  bird,  in  which,  as  the  albumen  slowly  disappears,  the  muscular  tis- 
sues of  the  young  clilcken  arise,  so  here  the  serous  portion  disappears, 
and  fibrin  eomus  in  its  stead,  and  this  is  hurried  forward  to  the  torrent 
of  the  eireulation,  and  thrown  into  the  blood-vessels,  to  be  by  them  dis- 
Iributcd  to  all  parts  of  the  mechanism,  wherever  the  muscular  tissues  are 
in  want  of  rcpiiir. 

But,  besides  this  function  of  the  elaboration  of  fibrin,  there  can  be  no 
OuiM-tms  question  that  the  lympbatica  have  otlier  incidental  uses. 
li'nil.aiaiir.iK  Stany  facts  are  known  whith  prove  that  those  of  the  skin 
*"  ''  ""■  c^tcit  a  ]«werful  agency  in  absorbing  liquid  malcridl.  Thus 
a  person  who  has  abstained  from  water  will,  after  he  has  immersed  hts 
^lody  in  A  bath,  not  only  find  his  weight  increased,  but  the  sensation  of 
thirst  abated.  Instances  of  the  kind  are  on  record  where  sailors,  in  open 
lx«it9  without  fresh  water,  have  assuaged  the  fonneuta  of  thirst  by  im- 
mersing their  bodies  in  llie  sea-  Nay,  it  is  even  asserted  lliat  in  certain 
conditions  water  nmy  thus  be  obtained  from  the  atmospheric  air,  and  in 
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all  such  caBes  every  thing  points  out  that  the  lymphatic  vessels  arc  the 
avenues  through  which  the  liquid  is  introduced. 

In  what  manner  does  the  lymph  mOve?  In  reptiles  there  are  found 
ivliat  are  termed  lymphatiit  hearts,  wliich  are  merctj  dilated  cansirijfihu 
portions  of  a  tulie  exhibiting  puUatioii.  Of  these,  in  the  flow  cf  Jyi]i[i.b. 
frog,  two  pairs  may  bo  discovered,  one  behind  the  hip-joint,  and  situated 
so  superficially  that  the  motions  can  he  plainly  aeeii ;  the  other  is  at  the 
iinterior  part  ofllie  chest.  The  pulsating  movements  of  these  organs,  of 
course^  impel  the  liquid  acted  on  in  the  direction' dtitermined  by  the  valves 
inth  which  the  vcssch  ore  bo  profusely  supplied,  that  is,  to  the  gcneraJ 
circulation,  and  tlie  lymph  finally  enters  the  hlood-vcsacls. 

But  In  the  higher  tribes  these  orgaufl  of  impulaion  are  absent,  and  the 
cirCulatiou  through  tlie  vessels  is  determined  liy  the  agencies  mentioned 
in  the  case  of  the  lacteals,  let,  By  the  constant  accumnUtion  of  liquid 
at  tlie  origin  of  the  tube ;  2(1,  By  every  muscuJar  nioveitieut,  either  vol- 
untary or  involuntary,  which  produces  a  compression  of  the  tulfe,  the 
Tolvea  all  opening  one  way,  and  therefore  causing  the  included  liquid  to 
[KISS  in  one  direction  only;  3d.  By  the  exhaustive  action  at  the  mouth 
of  the  lymphatic,  arising  from  the  passnge  of  the  blood.  It  ought,  per- 
haps, to  lie  prominently  pointed  out,  as  belonging  to  the  second  of  these 
causes,  that  the  pulsnticin  of  the  arterial  trunks  adjacent  to  any  lym- 
phatic brings  tlic  power  of  the  lieort  itself  into  operation,  in  sn  indirect 
way. 

Though  the  absorbents  will  receive  many  different  bodies  and  transmit 
rbem  to  the  veins,  the  action  does  not  take  place  in  an  in-  . 
iliscriminate  manner.  Ccjftain  substances,  such  as  the  fats  Ivccjuk  i««wer 
and  albumen,  find  a  ready  entrance,  but  admission  to  others  "  ■  '"  "^^ 
is  wholly  denied.  Thus  it  has  long  been  known  that  if  coloring  matter 
be  introduced  into  the  intestine,  it  by  no  means  follows  that  the  chyle 
wUl  be  tinged.  If  an  animal  be  compelled  to  take  litmuij-water,  the 
chyle  will  still  be  fonnd  colorless  or  white.  On  such  facta  was  founded 
the  old  doctrine  that  these  organs  possess  a  low  speciea  of  intelligence, 
distinguishing  among  diJferent  substances,  perinitting  some  to  enter 
them,  and  refusing  a  passage  to  othera.  Many  years  ago  I  showed  thai 
these  fanciful  cases  are  capable  ojfa  simple  physical  explaoation.  Thus 
I  found  that  if  blue  litmus  water  was  tied  up  in  a  bladder,  or  a  piece  of 
peritoneum,  and  sunk  In  a  vessel  of  aleoliol,  though  the  water  would  rap- 
idly infiltrate  mto  the  alcohol,  the  coloring  mntier  would  be  stopiJcd  just 
as  it  is  in  the  interline.  But,  in  reality,  there  is  no  need  of  such  e.xperi- 
menis  to  satisfy  us  of  the  fictitious  nature  of  this  selecting  power.  If 
we  fill  a  lamp  half  full  of  oil  and  half  of  water,  and  immerse  in  i(  a  wick 
long  enough  to  dip  into  both,  if  the  wick  be  previoosly  soaked  in  oil,  it 
will  withdraw  fi-tjm  the  lamp  oil  alone,  and  continue  to  do  so  until  tlie 
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lamp  ceases  to  bum;  but  if  it  be  first  Boaked  in  water,  it  will  wholly 
Tefnse  to  tuke  the  oil,  and  remove  the  water  alone,  until  all  is  escaped  bv 
evaporation.  But  did  ever  any  one  impute  to  the  wick  ot"  a  Inrau  a 
[iower  of  intellectuality,  no  matter  how  otacure,  or  suppose  tliat  then- 
is  sny  thing  mysletioua  in  such  a,  selecting  operation  f  A  perpetual  reter- 
once  of  the  most  common  facts  to  luyBterioua  agencies  has  been  the  great 
barrier  to  the  advance  of  medical  scicnec.  This  system  waa  introduced 
by  the  alchemists  and  quacks  of  the  Middle  Ages,  and  even  now  it  will 
take  many  books  and  many  yicars  bctbre  physiology  can  be  rescued  from 
3Uch  visionary  theories. 

From  the  point  to  which  our  descriptions  have  brought  us,  we  have 
ConMMioa  or  ^^  regard  this  part  of  the  absorbeint  mechanism  na  connected 
inetMh  *iii)  with  two  great  animal  functioDS,  motion  and  respiration. 
iriuT moil^Q  ^'^^'^  ''^  divisions,  the  lymphatics  and  the  laeteals,  in  prepar- 
And  respin-  Lng  fibril!  from  albumen,  make  proinsion  for  the  repair  of  tlk' 
muBCiular  tiasuest  and  arc  therefore  to  be  regarded  as  a  portion 
of  the  motive  apparatus.  But  the  laeteals  arc  charged  with  a  farther 
duty,  and  in  a  double  manner  are  coimccted  with  the  respirator}'  met-han- 
ism,  for  they  not  only  introduce  fats  into  the  system,  but  give  origin  to- 
ihe  cells  of  the  blood,  which  arc  the  carriera  of  oxygen. 

We  may  therefore  close  this  chapter  with  a  few  remarks,  Ist.  On  the 
ronnection  of  iho  absorbent  -system  with  tlie  provisions  for  motion ;  2d. 
On  its  connection  with  the  respiratory  function,  as  more  particularly  dis- 
played by  the  preparation  of  blood-cells. 

Ist.  The  connection  of  the  absorbettt  Bystem  with  the  pro^-isions  for 
motion  ts  tlirough  its  function  of  preparing  fibrin  from  albumeiL 

From  the  membrane  which  lines  llie  plexus  of  tubes  of  which  the  mes- 
FahriL-aUoQ  enteric  and  lymphatic  glands  are  composed,  crowds  of  miclcjited 
uniiiriu.  cells  are  continually  arising.  An  to  the  function  of  llicae  cells, 
tliera  can  be  little  doubt  that  it  is  in  part  to  effect  the  ti-anslation  of  a 
jwrtion  of  albumen,  wlucli  has  been  introduced  along  with  the  oil  glol>>, 
ules,  into  fibrin,  and  ac-cordingly  wc  find  that  the  chyle,  analyzed  at  dif-^ 
fercut  parts  of  its  course,  j-ields  different  products.  As  has  been  stated 
already,  intercepted  before  its  passage  tlirough  these  glands,  very  little 
ftbrin  is  found,  but  collected  from  poinds  beyond,  the  quantity  of  fibrin 
steadily  increases  and  that  of  albumen  declines.  The  plexus  of  tnbej 
lias  therefore  for  its  object  to  expose  its  contents  to  the  influence  of  the 
cells. 

Now  what  are  the  chemical  conditions  under  which  the  transtnutatiou 
of  albumen  into  tibrin  lakes  pUce  ?  The  proUetn  is  most  clearly  pre- 
sented in  the  case  of  the  incubation  of  a  bird's  egg.  The  white  of  the 
flgg,  consisting  chiefly  of  albumen,  gradually  loses  that  form,  and  passes 
into  the  state  of  fibrin  as  the  development  of  the  muscnlnr  tissues  of  the 
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young  chicken  is  effected;  bnt  the  change  can  not  take  plaw  except  ox- 
ygen be  received  througli  the  iihel! ;  and,  indeed,  in  all  cases  in  u'lticL  al- 
bumen paBses  itito  tibrin,  it  doea  so  only  in  the  pTescnure  of  oxygen. 

But  in  the  case  of  the  ahaorbent  glands,  Jrooi  what  aoui-ce  does  the 
requisite  oxygen  come  t     These  glanOe  have  just  been  de-  Mwjncrin 
scribed  aa  plexuses  of  the  absorbent  tubes,  amone;  the  rami-  ^Meh  oxyg™ 

_        .  I-      1  ■   1  ■  1         -  1  1         1        T        ■!        U  funiishej  fur 

,  ficaliouB  of  which  artencs  ajid  veins  are  abundsuitly  distnb-  th«  iDifcing  ot 
nied,  the  blood  not  getting  access  to  the  interior  of  the  aln  "''"'*■ 
sorbcnt,  but  running  in  ita  own  vessels,  as  it  were,  side  fay  side,  and 
branching  on  the  naked  w-alla  of  the  plexua ;  and,  juat  aa  in  the  placen- 
tal circulation  the  arterial  blood  of  the  mother  vivifies  or  fumiahea  oxy- 
gen to  the  fiEtal  blood,  80  in  this  instance  the  arterial  blood  enables  the 
cells  to  discharge  their  duty  of  converting  the  albumen  into  fibrin,  which 
pxsses  onward  to  the  general  circulation  for  the  renovation  of  the  muscu- 
lar tissneB. 

Since  tJie  hourly  consumption  of  fibrin  may  be  taken  at  62  grains, 
the  quantity  produeed  by  the  action  of  these  cella  must  b*'.  the  same. 
We  may  therefore  affirm  that  tlie  fibrin-producing  mechanism  yields 
I  about  one  grain  in  each  minute  of  lime. 

2d.  Contemporaneously  with  the  elaboration  of  fibrin  is  the  develop- 
ment of  the  proper  chyle  corpuacles.     Through  the  evolution   pormatiun  or 
of  these  and  the  absorption  of  fat,  the  chyle  vessels  present  a   biood-ceUi. 
connection  with  the  respiratory  apparatus. 

If  any  weight  ia  to  be  given  to  the  views  of  Ascherson,  the  occurrence 
of  fat  globules  in  the  chyle  is  essential  to  these  cellular  productions. 
He  found  that  when  globules  of  oil  are  placed  in  a  solution  of  albunicn, 
they  become  coated  over  with  a  film  of  that  substance  in  a  coagulated 
state,  and  hence  was  led  to  infer  that  this  is  the  starting-point  of  cell  pro- 
duction generally. 

The  chyle  corpuscles  are  the  embryos  of  the  true  red  blood-cells,  the 

latter  being  derived  firom  them  by  gradual  development.     As  will  appear 

more  In  detail  when  we  come  to  the  description  of  the  blood,  in  verte- 

brated  animals  there  are  two  distinct  classes  of  red  blood-  » 

Two  ancwasiTe 

cells,  wliich  appertain  to  distinct  periods  of  life.     The  first,  forms  of  biood- 
which  are  found  in  man  previously  to  the  time  of  formation  **  *'"'tn*ii- 
uf  the  chyle  and  lymph,  are  nucleated,  and  have  the  power  of  reproduc- 
tion by  fisenring  of  the  nucleus. 

But  a  distinct  set  gradmdly  replaces  the  preceding.  These  cells  have 
no  nucleus :  they  are  flattened,  bi-eonc-ave,  and  in  man  circular.  They 
possess  no  (wwer  of  reproduction  either  by  fiaaurirg  or  otherwise.  Their 
origin  is  from  the  chyle  corpuscle,  the  granular  interior  of  which  clears 
up,  and  is  succeeded  by  a  deep  red  tint.  The  transition  from  tlie  first 
lo  the  second  of  these  forms  takes  place  at  an  early  period^  and  may  be 
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regarded  as  complete  in  the  bucian  embryo  of  two  moiitliB  old.     Ai\er 
that  time  LIood-cdiB  arc  generated  upon  the  second  plan,  ironi  tlic  chylcl 
corpuscles  alone. 

It  is  a  sigiiitieant  circuraatance  that  fhia  tranajtloii  from  the  rcpfoduc- ' 
tive  to  the  non-reproductive  Uood-cell  is  coinadenl  usually  wtlli  the  dis- 
appearance of  the  extcnml  brani.lu».;,  or  tlic  closing  of  the  branchial  fia-i 
surea.  Tlicro  can  be  no  question  tliat  the  destined  function  uf  the  per- 
fect blood-cell  is  the  introduction  of  oxygen  to  the  Bystem.  In  their  or- 
igin anil  in  their  object  they  are  therefore  in  relation  with  the  respirator}- 
mechanism. 


CiLVPTER  VI. 


ABSORPTION  BY  THE  BLOOD-VESSELS. 

Proof  1^  Ahtarfilian  Fii/  the  Blood  CiijiUtarieat — Oceiirs  as  a  phgnco! j^tccasitif. — A'raiurr  of  fttp- 
iU-trg  Atlrnrlion^ — Its  IfirmimZ-mt  in  the.  Ritt  itnd  llfiitMiaita  iif  LiipdrU,  —  OwulitiaBi /or 
pnAtdnffa  f'loto  ut  a  OtjiiJ/nr^  Tulic. — f'aasa^  of  Liqvidt  tfiroiigh  mintaf.  I'orea.—Gtiieral 
ProfiOMtiimii  mprriinrj  C'ljiiiiiri/  Alfratiion.— Emthftnioxiii  and  ExMnnogi*. —  Thry  dtpnii  oit 
C'lfifiory  Aurattiim, — /'orie  ni/viasi  wliic/t  tfurnt  Mownitii"  wn^  Ittit  pUtcc. — J/lunlraliimi  ^ 
ukctiuff  I'on'cr.^tiaieial  I'im'  of't/ic  aUirc  /'euicd'un  a/" AOKijjfioa,  iacrmlanij  rmaus-. 

TUAT  the  btood-vesaels  of  the  Btomacli  and  intcslinal  tube  participate 
Sniwunwi  uc  in  the  fiinction  of  absorption  ia  dcmonstrateii  by  many  dif- 
'hTMo'oVcIp-  ^^f'™"*  f*'"^''^'  Medicaments  placed  in  the  stomacli  after  its 
iiUHes.  pyloric  oriticc  has  boon  tied  will  produce  their  ajjiet^iitic  effect 

almost  a$  rapidly  ag  under  natural  circumstances ;  and,  eincc  there  are 
no  proper  lact<^als  upon  that  organ,  and  its  lymphatics  seem  lo  U*  inade- 
r|uatc,  the  absorption  of  these  agents  can  have  taken  place  through  the 
blood-vessels  ordy. 

Thifl  conclusion  is  sub.'^tantiatcd  by  an  examinalion  of  ilie  Wood  of 
the  gaatrie  and  meacnteric  veins.  It  varies  with  tlie  stage  of  diges- 
tion and  tlie  nature  of  the  food.  At  tirst  llicre  ia  a  general  lowering  of 
the  percentage  amount  of  the  solid  ingredients,  tUia  Iwing  evidently  the 
result  of  tiie  absorption  of  water.  At  a  more  advanced  jjcriod,  the  rela- 
tive proportion  of  albumen,  or  rathex  of  albnmimoee,  rises,  and  along  with 
it  the  extractive,  gelatine,  and  .su^r  increase.  Ab  with  the  chyle  in  tiic 
lacteals,  so  with  the  blood  in  the  mesenteric  veins,  coagulation  take? 
place  impeifectly,  or  (xirhaps  not  at  all.  It  is  staled  that  the  mesen- 
teric blood  of  a  fasting  animal  does  not  differ  from  the  ordinary  venous 
blood. 

The  position  of  the  blood- vesacla,  botli  on  the  mucous  surface  of  the 
stomach  and  particularly  on  the  villi  of  the  intC3tLne«  is  favorable  to  the 
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diadiflrge  of  this  function.  The  terra  venous  &bsorption,  employed  to 
express  it,  is  perhaps  soiiiewliat  incorrect,  sitjce  th'erc  is  no  reason  that  a 
venous  capillary  shoiUii  have  any  advantage  over  an  arterial  one  in  this 
respect.  The  rapidity  with  which  subatunces  in  a  state  of  eolulion  art- 
taken  lip  from  these  cavities  has  been  well  demon  at  rated  by  suck  in- 
stancea  as  those  of  the.  detection  of  the  ferrocyanide  of  potassium  in  the 
urine  within  2A  minutes  of  its  having  been  deposited  in  the  stomacli,  or 
by  tlie  death  of  dogs  in  a  similar  short  period  after  strong  alcohol  had 
been  administered  to  them,  their  blood  being  found  to  be  charged  with 
that  combustible  substance. 

Among  substances  thus  finding  their  way  into  the  circulation  by  di- 
rect vascular  absorption  may  be  enumerated  such  solublo  Balls  as  have 
little  affinity  for  the  tissuea,  mineral  and  organic  acids,  alcohol,  ether, 
volatile  oils,  vegetable  alkaloids,  and  coloring  matters,  as  those  of  rhu- 
barb, madder,  gamboge. 

In  fact,  if  theriE  were  ngt  theso  physiological  considerations,  Ire  should 

have  to  admit  absorption  by  the  blood-vessels  as  a  mat-  Abgorpiioa  bj 

ter  of  pliyaical  necessity ;  for,  under  the  circunistancea  of  ''•^  blood-***- 
,    .       .  .  ,  ,  .    6.-U  oci'uraa** 

liieir  sihiation,  IJiry  must  take  up  Poluble  matters  presenteiu  ph.v*icni  uc«»- 
to  them.      Through  the  pores  of  their  delicate  structure  sub-  "'■^■ 
atancea  in  the  liquid  Blate  will  pass  to  mingle  with  the  blood. 

Though  we  have  treated  of  respiratory  or  hictcil  absorptinn  as  specif- 
ically distinct  from  absorption  by  the  Uood-vcsacla,  the  circurastiinccH 
here  alluded  to  evidently  point  out  tlmt  the  resulting  action  of  the  villi 
of  the  intestines  is  of  a  mixed  kind  ;  for,  though  the  epitlidial  teils  and 
the  commencing  pouch  of  the  lacteal  may  exert  a  dehiilte  uifluCtice,  the 
network  of  blood-vessel  a  which  lies  immediately  beneath  the  epithelium 
must  be  engaged  in  preciscdy  the  same  manner  as  the  network  of  lilood- 
vessets  between  tlie  gastric  folliclea.  The  pcnneation  of  tiie  walla  of 
these  tnl>c3  by  substances  in  a  state  of  solution  is  dependent,  aa  we  are 
now  to  see,  upon  a  purely  ]ihysicfil  principle,  which  is  just  aa  applicable 
in  the  one  case  as  it  is  in  the  other.  The  leading  solid  ingre»lients  of 
the  chyle  being  fat  and  albumen,  the  former  IS  perjiaps  tnlroduced  by  the 
proper  lacteal  slruclure,  and  the  latter,  taken  up  by  the  vascular  network, 
exudes  in  part  again  from  it  into  the  lacteal  arrangement. 

In  the  case  of  ahsorptlonjas  in  tliat  of  respiration,  hereafter  to  be  de- 
scribed, there  la  a  piiysical  principle  in  o|Kration  which  it  is  neccssar}' 
to  understand.  I  fihall  proceed  to  explain  it  on  this  occasion  as  far  as  is 
needful  for  the  present  purpose,  and  complete  the  description  in  the  chap- 
ter on  tliC  function  of  respiration.  The  peculiar  views  huta  set  forth, 
so  far  as  they  di-ffer  from  those  ordinarily  expressed,  I  believe  to  be 
warranted  by  my  own  experiments  elsewhere  published. 

The  absorbent  action  of  the  blood-veBsels  depends  on  the  force  known 
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Cjijiiiiary    among  physical  writers  as  capillary  ATTBACTIO^'.     Its  natun* 
•Hrwaioa.  may  be  illustrated  as  follows  : 

If  a  piece  of  ginss  be  laid  on  the  surface  of  quicksilver,  it  is  so  power- 
tully  Attracted  thereto  as  to  rcq;iure  the  exertion  of  considerable  force  lo 
lift  it  offl  Natural  ])iiiIo90]iherg.  generally  regard  this  a.s  a  force  sui  ge- 
neris, and  speak  of  it  under  the  title  of  capillary  attraction.  I  believe  it 
is  nothing  but  an  ordinary  electrical  phenomenon,  since,  if  the  plasB  be 
examined,  it  wiU  be  found  to  be  in  a  i>ositive]y  electrified  state,  and  ihe 
quicksilver  negative,  and  under  the  general  law  of  electricily,  known  as 
tliat  of  Dufay,  attraction  nmat  Lc  the  result. 

If  the  glass  be  laid  upon  the  surface  of  water,  tliere  is 
an  attraction  as  before.  On  lifting  it,  however,  there  is 
no  electrical  manifestation.  Tlic  reason  of  this  is  plflin4 
On  examining  (his  glass,  it  will  be  found  that  no  true 
eeparation  of  it  from  the  water  has  taken  place.  A  film 
of  water  is  still  attached  to  it,  or,  in  other  words,  it  is 
wetted. 

If  a  slender  glass  tube,  b,  7^ly.  3?,be  dipped  into  a  liquid, 
Elevaiion  ami  a,  d,  whieh  can  not  wet  it,  a^,  for  example, 
\\nSls\aai.-a-  <li''ckailve.r,  the  liquid  is  dejin'-ssed  as  at  c. 
tiiHry  luijuB.     and  does  not  rise  to  its  projier  livclroalatic  |,„ir™iB 
level,  or,  perhaps,  altogether  refuses  to  enter  the  tube. 

If  a  slender  glass  tube,  f>,  Fiij,  38,  be  dipped  into 
a  liquid,a,a,whidi  cah  wet  it,  as,  for  example,  water, 
the  liquid  at  once  rises  in  the  tube,  as  at  c,  to  a  height 
whieh  is  greater  in  proportion  as  the  diameter  of  the 
tube  is  lens.  It  is  this  phenomenon  whidi  has  given 
tlie  designation  capillar}/  aUraction^  because  it  ia 
beat  seen  in  tubes  as  fine  as  a  ha^r  (capillua). 

Now  if  there  be  a  tube  of  such  a  diameter  that  it 
could  thus  lift  water  ten  inches,  and  it  be  broken  off 
so  aa  to  be  only  sis;  inches  long,  we  might  inquire 
whether  the.  water  would  overflow  from  its  top,  or 
gimply  remain  suspended. 
Mathematical  eonsiderationH  aa  well  aa  direct  experiments  prove  that, 
in  such  a  ease,  there  would  be  no  overflow.     A  capillary  tube  under 
these  circumBtanceB  aimply  lifts  the  water,  but  can  not  produce  a  contin- 
uous current. 

But  if  a  fpmoval  of  the  water  at  the  top  of  the  tube  takes  place  in  any 
«   J,  J      .     manner,  as,  for  instance,  by  evaporation,  or  by  being  dissolved 
tHwladngi      away,  then  a  continuous  current  is  produced.     This  fact  ex- 
*'  plains  the  phenomena  of  cndosmosls,  presently  to  be  de- 

scribed. 


ribo  ni  ■  ncu. 
(FFllibB  liquid. 
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As  illuatrative  of  the  production  of  a  continuous  flow,  we  may  cite  the 
case  of  a  spirit-lamp,  the  -ft-ick  of  which  may  be  regarded  &s  a  handle  of 
capillary  tuljes.  If  tiie  cover  of  ihe  lamp  be  taken  off,  all  the  spirit  wiJI 
pass  up  tlie  wick  and  esca^^e  by  evaporation.  Or  in  an  oil-lamp,  the  wick 
of  which  becomes  Kadily  saturated  with  the  Uquid,  but  never  exhibits 
any  overflow,  on  tlie  lamp  being  kiudJed,  tlie  oil  la  burned  off,  and  a  cur- 
rent is  at  once  established. 

I  have  shown  that  water  will  pass  through  a  crevice,  the  width  of  which 

IB  teas  than  one  half  of  the  millionth  of  an  inch.     Pores  or  LirjiiiJa  p«!is 

creviced  of  such  a  dimension  arc  inviBihle  even  with  a  micro-  ''T'"*!''  "'^^' 

minulp  CTOV- 

BCOpe.  ites  or  [Kirea, 

The  evidence  in  proof  of  this  ia  very  readily  obtained  experlmen tally. 
^'  ^-  If  we  take  a  convex  lens,  a,  cr,  of 

long  radiiig,  aiid  place  it  upon  a  glass 
^m^^g^^^^^^^^^^^^H^  plane,  b,  b,  there  will  be  seen  at  the 
p«Haei>of<r>tct^t]ihiuKiikct«>icB.  poiiit  of  coiitftct,  c,  oti  lookiHg  dowH 

upon  the  arrangement,  a  black  epot  surrounded  by  a  serica  of  variously 
colored  concentric  circles,  the  appearance  being  well  known  among  Op- 
tical wrilera  under  the  name  of  Newton's  colored  rings.  At  the  point 
of  apparent  contact,  v,  itie  lens  and  the  plane  are,  as  Newton  lias  shown. 
a  distance  apart  of  about  the  one  half  of  tlie  millionth  of  an  inch,  and 
from  this  central  point,  proceeding  outwardlv,  tlie  distance  Ijetween  the 
glasses,  of  course,  increases*  If  any  wliere  at  the  outer  portion  a  drop 
of  ivater  be  introduced,  it  extends  itself  instantly  across  all  the  colored 
rings,  reaching  even  across  the  cfnlnd  black  Bpot. 

Tlic  three  follomng  general  propositions  present  those  phe-  Gtnornl  propo- 
nomena  of  capillary  attraction  which  are  most  interesting  in  ""^^^p^w" 
a  phygiological  point  of  view,  nttrBtibn. 

1st.  If  the  force  of  attraction  of  tlic  particles  of  a  solid  for  those  of  a 
liquid  l)e  not  er^nHl  to  Inlj' the  cohesive  force  of  the  latter  for  each  other, 
the  liquid  will  refuse  to  pass  through  a  ]>ore  of  tliat  solid  subatanco^  and, 
in  a  capillary  tube  consisting  of  it,  will  be  depressed  below  its  hydro- 
static level. 

2d.  If  the  force  of  attraction  of  the  particles  of  a  solid  for  those  of  a 
liquid  oxccedfl  /ta/f  the  cohesive  force  of  the  latter  for  each  other,  but  is 
not  equal  to  the  whole  force,  the  liquid  will  pasa  through  a  pore  of  that 
solid  substance,  and,  in  a  capillary  tube  of  it,  will  rise  above  its  hydro- 
static level. 

3d.  If  the  force  of  attraction  of  the  particles  of  a  solid  for  those  of  a 
liquid  exceeds  the  whole  cohesive  force  of  the  latter,  chemical  union  be- 
tween them  ensues. 

It  would  not  be  consistent  witli  the  plan  of  this  work  to  offer  a  dem- 
ocsbation  of  tliese  proiwsitions  5  nevertheless,  they  are  capable  of  rigor- 
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ous  mnthemalicnl  and  physical  proof.  The  viewfl  I  am  here  prtaeuling 
enable  us  to  iiicWIe  the  pres^urca  between  i<oIida  and  liquids,  the  rise  or 
dcpresS'ion  of  liquids  in  cjipillary  tubes,  nml  thi;  phenomena  of  chemical 
affinity  in  the  siinie  general  expression.  And  flueh  a  co-ordiiialion  ia  the 
more  valiaal>tc,  since  there  has  lM?en  u  ulisjwsition  among  physiok-gista  to 
regjird  tlie  introduction  of  material  tlirongli  the  jwres  of  organized  textures 
us  dependent  on  some  ill-defined  or  inyinlcrions  prii^eiple. 

The  phenomena  of  cndosmosis,  tirst  brought  to  general  notice  in  the 
Eiidujtnu»is  case  of  iitjuid  substances  by  JL  Dutrochelt  may  be  explain- 
andeiwDiosis.  gj  ^g  foUows :  If  soHie  olcoLoI  be  plaeed  in  a  bladder,  the 
neck  of  which  ia  lightly  tied,  and  the  bladder  be  sunk  in  a  vessel  of 
water,  a  perenlation  ensues,  so  that  the  bladder  distends  to  its  utmost 
capaeity,  and  might  even  lie  burst.  Or,  which  is  a  better  method  of 
showing  tlic  result,  if,  instead  of  tying  the  mouth  of  the  bladder,  a  glnsa 
tul»c,  open  tit  both  cndi,  and  a  foot  or  two  long,  be  fastened  into  it  with- 
out leakage,  as  the  water  inlroducea  itself  through  the  |joirc&  of  the  bLtd- 
der  to  mingle  ivith  the  alcohol,  the  Uiiuid  rises  in  the  glass  tclie,  sup- 
posed to  be  left  in  a  vertical  position,  and,  wlicn  it  has  reached  the  top  of 

it.  overflows.  To  express  this  inward  pas- 
sage of  the  water  the  term  enilosraosia  was 
introduced,  and  since  a  httle  of  the  aJcohol 
stmultaiieously  passes  outward  to  mix  with 
the  water,  it  is  said  to  e.xlnbit  exosrao&is. 

In  J'^ig.  40  is  represented  tiie  CDdosinoine-l 
terof  Dutrochct.  It  conwsts  of  a  small  blad- 
der. «,  tightly  tied  to  a  tul*.  rf,  which  i»  open 
at  both  ends,  and  bent,  as  seen  in  the  tigure 
ate;  the  bladder  Ijciiig  eomplctely  filled  witli 
alcohol,  and  the  tul»e  to  some  such  point  as 
d,  the  arrangement  is  to  be  placed  in  a  ves- 
sel of  water,  6<^;  almost  immetliaitly  the  levid 
of  the  lifjniJ  will  be  seen  to  be  n'sing,  the 
beini  of  iliG  tube  ia  reached,  juid  one  drop  after  another  falls  from  the  open 
end  into  the  glasa,  h.  And  this  uontinues  until  the  liquids  inside  and 
outside  of  the  bladder  are  uniformly  commingled. 

It  is  to  be  reg*i2tlcd  tliat  the  terms  cndosmosis  and  exoamosla  have* 
Xt^jmove.     Ijcen  accepted  by  phyeiologicnl  writers^  for  in  these  resnlta 
luciiuaredf-    there  is  nothing  more  tlian  what  we  should  expect  from  tlic 
liiUnrj-  aitrac  knoT^Ti  principles  of  capillary  attraction.      The  pores  of  a 
''"'"■  blaiUler,  or  of  any  other  such  organic  texture,  are  nothing  but 

short  capillary  IuIk-s  into  whieli  water  readily  finds  its  way,  because  it, 
can  ifil  the  substance  surrounding  the  pore.  If  the  bladder  he  dieteniled'i 
with  air,  and  sunk  under  water,  although  the  water  vrM  fill  the  pores,  it 
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will  not  exude  from  them,  and  accamitlate  m  tiie  interior  of  the  viscua, 
for,  as  we  have  seen,  a  caipilJary  tulic  can  not  establish  a  continued  cur- 
rent or  flow.  But  the  case  becomes  totally  diftercut  when  the  bladder  is 
Hlledwith  alcohol;  for  then,  as  fast  as  the  water  p-csenta  ilaelfou  the  in- 
ner end  of  the  pore,  it  is  dissolved  away  hy  the  alcohol,  and  tlio  neecssarj- 
loudition  for  a  cOhtintious  flow  is  comjilicd  with.  McHntime,  tliroUgh 
the  pore  itself  a  little  alcohol  passes  iii  the  opposite  way  by  in  tilt  rating 
through  the  incoming  water,  provided  tliat  the  current  be  not  too  strong, 
[and  so  endosnioBis  of  the  water  and  cxosnio?in  of  tliB  aleohol  take  plaec, 
[the  current  of  the  fonner  grcutiy  preponderating  over  that  of  the  latter, 
[and  an  accumulalion  of  liquid  in  the  interior  of  the  bladder  ensues. 

That  in  all  this  there  is  itotliing  Bpecially  dependent  on  the  organic 
texture  employed  is  obvious  from  the  fact  that  the  same  results  arise 
when  any  inorganic  porous  body  is  used.  Vessel*  of  unglazed  earthen- 
ware, pieces,  of  baked  slate  Or  stucco,  answer  the  purpose  very  well,  aa 
will  also  a  glass  vessel  witli  a  minute  fissure  or  crack  in  it. 

An  incorrect  representation  of  tlic  conditions  under  which  cndosmosis 
takea  place  is  often  made.  It  is  said  to  depend  on  the  relative  Hpecific 
gravity  of  the  liquids.  Thus  it  ia  stated  that  the  lighter  liquid  always 
moves  toward  the  dcn&cr,  more  abundantly  than  the  denser  to  llie  lighter. 
Tiie  error  of  this  is  readily  shown  by  many  simple  illustrations.  Thus 
water  endosmoses  equally  well  to  alcohol,  which  is  hghlcr  than  it,  and  to 
gum  water  or  salt  water,  wliich  are  heavier.  The  relation  of  specific 
giavity  has  nothing  whatever  to  do  with  the  action. 

The  force  with  ivhich  a  liquid  will  thus  pass  through  a  pore  to  mingle 
with  another  liquid  beyond  ia  very  great.     I  have  observed  rn,.^^  B.aaint.i 
these  motions  occurring  against  a  pressure  of  many  atmos-  '*'"'^''  ""^'* 
pheres.    And,  intlecJ,  ni  practice  we  Jiavc  no  means  ot  mcasur-  »iny  ia\v 
ing  its  actual  intensity ;  for  when  a  pressure  of  fi  certain  de-  p'"*^^' 
gree  has  accumulated,  hydraulic  leakage  takes  place  backward  through 
the  pore,  and  conceals  the  true  action. 

From  tiic  preceding  statements  respecting  capillary  atlraction  and  en- 
dosmoaisi,  we  may  therefore  conclude  that,  whenever  a  liquid  is  in  con' 
tact  with  a  porous  body  the  suhHtance  of  which  it  can  wet,  it  will  freely 
pass  into  the  pores  thereof,  and,  if  tlie  necessary  conditions  for  its  re- 
moval arc  present,  will  percolate  or  transfuse  with  very  great  mechanical 
power;  that  this  will  take  place  through  pores  that  are  not  only  invis- 
ible to  the  eye,  hut  imperceptible  by  the  aid  of  the  microscope  ;  that 
some  liquids  pass  thus  with  more  readiness,  some  with  less,  some  not  at 
all — tlic  result  in  these  respects  depending  on  the  clectro-chennical  rela- 
tions subsisting  between  them  and  the  solid  they  are  in  contact  witli, 
and  their  own  force  of  cohesion;  that  or^nic  membranes  present  no 
peculiaritiea,  their  action  arising,  not  because  thev  arc  organic,  but  be- 
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e&uac  lliny  nrc  porous;   that  the  so-called  selecting  power  is  purely 
Fi,i.  *t  pliyfiical,  AS  aro  the  Btjmrationg  and  apparent  decomposi- 

tions to  which  it  gives  rise.  AVhen  a  drop  of  colored 
water  is  put  upon  chalk,  the  water  sinks  in,  but  the  color 
13  left  on  the  eurface.  When  weak  alcohol  is  tied  up 
in  a  bladder,  the  water  will  escape  through  the  pores, 
and  the  spirit  become  anhydrous  at  last. 

If  we  take  a  glaaa  tube,  a,  fl,  J^i^,  41,  over  the  lower 
end  of  which  a  piece  cif  peritoneum,  or  other  delicate 
membrane,  fr,  b,  is  tightly  tied,  and  half  fi.1!  it  with  lilmus' 
water,  and  then  place  it  in  a  glass  of  alcoliol,  c.  <\  the 
level  of  the  liquids  inside  and  outside  being  adjusted  ac- 
cording to  their  epccific  gravity,  bo  that  tliere  may  be  no 
hydraetiitic  pressure  cither  one  way  or  the  other  tlirou^i 
tlieporea  of  the  peritoneum — as  soon  as  the  Rrrangement 
Is  completed,  if  the  obaervct  be  so  placed  a»  to  view  it  by 
trfllislTiittcd  light,  he  ivill  see  tho  water  descending  frotn 
the  jioreg  of  the  peritoneum  in  strlw  and  st«>ams  throxigh 
lUi-ii-u^iK:,  tJtc  alcohol  in  a  perfectly  colorless  state.  The  membrane* 
therefore,  has  absorbed  and  transmitted  the  water,  but  has  refused  to 
the  coloring  matter  a  passage.  It  is  to  this  particular  experiment  that 
allusion  was  made  when  speaking  of  the  non-coloration  of  the  chyle 
when  certain  coloring  material  had  been  mixed  with  the  food.  8uch 
illustrations  may  therefore  satisfy  us  that  the  selecting  power  of  organic 
porous  textures,  like  that  of  inorganic  ones,  is  depeTidetit  on  wmplc 
physical  circumstancea,  and  for  these  reag.ons  I  exclude  from  the  raech- 
oniam  of  animal  absorption  the  influence  of  any  vital  or  other  tnyaterious 
principle,  and  adopt  the  sentiment  of  the  Abbe  Ilauy,  thcit  "those  specious 
causes  and  insaginary  powers,  to  which,  in  the  Sliddle  Ages,  all  iiatuml 
phenomcnaj  even  those  of  an  astronomical  kind,  were  referred,  hut  which, 
through  the  genius  of  Newton  and  Laplace,  have  been  banished  from  the 
celestial  spaces,  have  taken  their  last  refuge  in  the  recesses  of  OTganic 
beings,  and  from  these  retreata  positive  philosophy  is  preparing  to  expel 
them." 

In  view  of  all  the  preceding  facts,  I  therefore  regard  absorption  by  the 
Sitmnun'  of  blood-vessela  as  taking  place  of  necessity,  because  of  the  po- 
ih^  asturp  of  rous  structure  of  those  tubea ;  for,  though  the  pores  may  be 
kUOTptioii.  j^^  small  to  be  discerned  even  hy  microscopic  aid,  (hey  are 
abundantly  large  enough  to  permit  such  a  ])erco]ation.  Whatever  ma- 
terial is  existing  in  the  cliyino  in  a  state  of  solution  in  water  and  alao 
*olublc  in  the  blood,  passes  through  tho  walls  of  the  vessels,  and  is  moved 
toward  the  liver,  its  percolation  being  greatly  facilitated  by  the  onward 
motion  of  the  blood,  in  which  Lquid  it  ia  dissolved,  aa  fast  as  it  presents 
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Uself.  The  double  condition  here  speeified  must  be  complied  with;  the 
material  lo  be  introduced  must  be  dissolved  in  water,  and  must  be  eol- 
ublu  in  the  blood.  If  the  luttcr  condition  be  wanting,  the  veesels  seem 
to  nianiteat  a  selecting  power,  absorption  not  taking  place,  as  in  the  case 
of  litmus,  presented  above  as  an  iUustration — a  coloring  matter  which, 
tboagli  soluble  in  water,  is  not  soluble  in  alcohol,  and  so  can  not,  under 
those  circura stances,  puss  tlirough  a  piece  of  bladder. 

While  thus  there  ia  an  introduction  of  digested  material  fixira  the  stom- 
sth  and  intestine  into  the  blood,  the  physical  principles  which  are  guid- 
ing ug  in  oiu*  explanation  teach  us  that  there  must  be  a  percolation  of 
the  more  watery  portions  of  the  blood  in  the  opposite  direction — that  is» 
into  the  digestive  cavity.  There  is  every  reason  to  believe  that  thi?» 
percolation  is  to  a  far  greater  amount  than  is  generally  supposed.  Under 
certain  circumatances,  it  is  a  matter  of  ordinary  observation  that  the  wa- 
ter discharged  lironi  the  intestine  is  more  in  quantity  tiian  that  which  has 
been  taken  as  drink. 

Turning  our  attention  now  to  the.  course  "which  ia  followed  by  the  liq- 
uid which  Iia3  been  introduced  from  the  dip;estivc  cavity  „  ,,. 

ci  J     Course  ti\  tfea 

into  the  blood-vessels,  we  must  bear  in  mind  that  the  con-  absorbed  niatc- 
tetit  of  those  veasela  is  composed  of  two  distinct  portions,  "p".  ^ojj^,.j^^'* 
the  matter  thus  recently  introduced,  and  the  original  venous  ■'*"*  't  und«t- 
blood.  These  together  make  their  way  tlirough  the  portal  '^^*^' 
vein  to  the  liver,  a  gland  of  double  function,  and,  as  we  may  say  in  thin 
respect,  of  double  structure;  for,  though  it  has  a  dnot  for  the  disposal 
of  the  products  which  arise  from  its  action  on  one  portion  of  the  material 
thus  brought  to  it,  the  venous  blood,  it  is  ductless  as  regards  tlie  other 
portion,  whicli  has  been  received  from  the  digestive  cavity.  This  portiont 
under  the  inBuencc  of  the  cell  stmtture  of  tlic  liver,  undergoes  profound 
moditlcation ;  for  instance,  liver-sugar  makes  ita  ajipearance,  though  none 
existed  before.  It  is  not  necepsary  for  u&  to  epecily  these,  changes  par- 
ticularly here,  since  we  shall  have  to  examine  them  more  in  detail  in  a 
subsequent  chapter ;  but  it  may  be  observed  that  the  anatomical  i>e- 
culiarity  of  the  liver  in  this  branch  of  its  duty  ia,  that  it  simply  impresses 
a  change  on  the  compounds  thus  brought  to  it,  gives  rise  to  no  excretions, 
and  therefore  has  no  channel  or  duct  of  escape,  unless  indeed  we  say,  as 
we  are  actually  justified  in  doing,  that  the  hepatic  veins  themselves  are 
the  ducts  of  the  liver  in  tliis  respect. 

Tliougli  it  does  not  strictly  appertain  to  the  anbject  of  which  we  are 
now  speaking,  absorption,  we  may,  for  the  aake  of  completeness,  describe, 
in  a  superficial  manner,  what  occurs  to  the  other  conatituent  of  the  portal 
blood,  its  pro|)cr  venous  portion.  This,  brought  into  the  Hvcr,  ia  acted 
upon  by  that  organ  and  decomposed  into  two  portions,  one  of  which,  con- 
stituting thf  bile,  is  brought  back  eventiially  through  the  proper  bile  duct 
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into  the  intestine.  The  other  is  carried  into  tlie  blood  circuUitlon.  I  be- 
lieve that  tiiis  separation  is  of  a  purely  physical  kind,  and  is  »ccotiipIish- 
ed  Ity  mere  filtration,  tlie  elements  of  the  bdc  all  prc-existtng  in  tlic  blood. 
However  that  may  be,  the  separalton  in  a  chemical  Bense  is  very  diatiiict, 
lor  tho  nitiogcnized  ingredients  arc  saved  to  the  syetem,  and  Piirried  into 
ihe  general  circidatiori  througli  the  hqmlic  veins;  hut  the  biiiaiy  inato- 
neiuni  of  a  ""^  ^^'ought  liock  into  the  intestine  is  a  hydrocarbon  tinctured 
pan  It  the  with  a  little  eoloring  matter,  which,  lieing  on  a  rapid  career  of 
retrograde  metamorphosis,  ia  prone  to  act  as  a  tcrinent,  and 
therefore  nnfit  to  remain  in  tlic  ayslctn ;  accordingly,  it  is  removed  with 
the  excrement.  The  other  portion,  the  hydrocarlxin,  "wliich  has  been 
brought  into  the  intestine,  is  not  yet  done  with;  advantBgeou.**  use  can 
still  be  made  of  it.  It  can  aid  in  the  introduction  of  fats  throuj;h  the 
villi  into  the  lacteals,  and,  from  itii  combiLstiblc  natnre^  is  of  an  equal  value 
to  tlie  pvslcni  with  the  oils  it  thus  help?  to  inlroduee.  Wc  may  advan- 
tageously trace  the  course  whicli  it  foUnw;»,  for  in  so  doing  we  bIhU  com- 
plele  oar  description  of  the  function  of  absorption  in  its  moat  gcnend 
sense. 

Tlie  fat  matters  which  have  "been  subdivided  into  portions  of  micro- 
jjjijjji^^  soopical  minuteness,  small  globules,  each  of  which  is  coaled 
•cikwof  over  with  a  delicate  film  of  albumen,  and  all  brought  ihcrcforr 
into  the  BitilG  of  an  eiiiubion,  can  make  their  way  by  reason  of 
the  peculiar  properties  of  the  investiture  which  thus  covers  them  through 
the  pores  of  the  villi  into  the  lacteal.  For  rny  own  part,  I  do  not  believe 
tliat  there  is  any  passage  through  the  epithelial  cells,  but  that  it  is  en- 
tirely interstitial,  and  that  it  is  not  unlikely  thst  the  biliary  constitoeni 
aids  in  this  progress.  It  signifies  nothing  that  tike  spAcea  through  which 
the  fat  globules  have  to  go  arc  less  than  their  oivii  diameter;  they  can 
elongnto  into  worm-Ukc  farnis.  just  a?^,  under  the  same  circumstances, 
blood-cells  cnn  do,  and,  the  moment  they  reach  the  cavity  of  the  lacteal, 
reassumc  their  sphericity  by  reason  of  their  cohesion.  The  albumen 
tinii  now  aecoiin«inies  them  in  the  liquid  fonn,  as  the  other  chief  ingre- 
dient of  the  chyle,  comes,  for  the  most  part,  from  the  blood-vessels  of 
the  villi.  The  chyle  moves  onward  to  the  mesenteric  glands,  and  makes 
its  passage  through  ibcjn  either  in  naked  tubes  or  through  thfir  ptdpy 
structure,  is  submitted  to  cell  action  and  to  arterial  blood,  undergoes  th'«' 
nmrjihologieal  changes  which  have  been  descrilwd  in  tlie  preceding  cha|K 
ter,  and,  gaining  the  thoracic  duct,  is  brought  into  the  general  circula- 
tion. 

In  the  description  hero  offerpd  of  the  function  of  absorption,  the  agen- 
cy of  physical  force--*  alone  has  bcc^n  considered,  and  these  I  conceive  to 
bo  nbundanlly  sufficient  to  enable  us  to  account  for  all  the  phenomena. 
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OF  THE  BLOOD. 

He  Offitvt  aad  Rflnlu>n  ttf  Bfonnl  in  the  Syatrm.—  Tho  Platma  and  CfBM.—CenernJ  Pnjtaiia 
itnd  VomjMsifiaii  of'ttn'.  Bioii'L — Qiuiirtirif  in  the  ti'tJif. —  Con<)ul<mon. —  ftti-oii-i'ffL'i.—  TfriiiriiK- 
i"e*riM  Farjuii. —  The  fiefjh-i  Cell. — ilirinatiit:  IM  frcjitrtirn. — Numhrr  nf  liltKHi-'^fUi!, — tlas- 
laai  iU  CtrnpoHitmn,  itnd  Wirialions  af  its  Iii'jn<iifint». — ASmmtn,  Fihrin,  Fui,  ^'"jar, — Min- 
erai  InyreiJifnifa  o/ttie  t't^ft  and  I'hfHO  mrvjMirnl- — (<tr»¥»  a/'lhf  /itood. —  ('hnuyes  or.airrtnif 
tftfrr«7  iFie  i^rmlat'iax, —  (JfTKinl  Ftnctious  oftltp.  Jiffertiit  /nyret/icnJj  t/'lVie  Blood. — InCrmiuC' 
Hon  oj'  O.^S'jr«  6y  fAe  C^li*. —  Tinr  trtansKut  JJuraiion. 

It  is  necessary  ttr  the  funtlional  activity  of  eTeify  Ofgflitizetl  being  that 
there  sliaEI  t-ircululp  througli  all  parla  of  it  a  nutritive  liquid.  In  plants, 
it  IB  the  aRp :  in  anitnaH  tlic  blooti. 

Since  tSie  life  of  pl.-tntg  in.tin1esls  itself,  for  the  moat  part,  in  a  purely 
formative  result*  Jind  invDives  linle  rr  no  destruction  of  parts,  The  ijcmxI:  iu 
the  circulating  current  is  devoted  almost  entirely  to  nutrition,  'unciiona- 
But  in  animals,  whose  conditions  of  existence  involve  extensive  and  un- 
ceasuig  destruction,  the  current  is  burdened  with  another  duty.  It  ia 
also  tlie  means  of  removal  of  dying  or  wasted  portions. 

In  tlic  first  chapter  it  was  shown  that  about  a  ton  and  a  lialf  of  mate- 
rial is  required  by  a  man  in  the  course  of  a  year,  and  tEiat  in  inrrniiQt-ibn 
the  same  period  a  like  amount  is  removed  from  tho  system.  !!"/''i'"n  '  l 
When  wc  refiect  that  the  introduction  and  removal  of  this  blood. 
immense  mass  is  flceompli»[ied  throngh  the  agency  of  the  circulating 
blood,  it  is  obvious  that  that  fltud  must  be  undergoing  the  most  rapid 
changes.  The  rapidity  with  which  dying  matters  are  removed  is  strik-^ 
ingly  illustrated  by  the  minute  extent  to  \vhich  they  are  permitted  to  ac- 
cumidate  in  a  healthy  ptate.  These  elements  of  decay  arc  strained  off 
or  exhaled  as  quickly  as  they  arise.  That  fancied  power,  the  "  vis  med- 
icattis  natura^-,"  is  only  an  ideal  expression  of  the  perfection  with  which 
the  various  eliminating  meelianisma  work..  Poisonous  ngcnts,  whether 
tliey  have  been  introduced  from  without  or  liave  originated  from  morbid 
actions  within,  like  flU  otlier  usde-«s  or  noxious  products,  find  their  prop- 
er tjiannel  of  escape,  and  the  system  will  thus  rid  itself  of  intoxicating 
tiquida  and  narcotic  drugs  if  their  quantity  does  not  exceed  the  amount 
that  it  can  destroy  or  excrete  in  a  special  period  of  time. 

Considered  in  its  relation  to  nutrition,  i\\&  circukting  liquid  presents 
many  interesting  asjKTts.  Each  of  the  thousand  'S'ariously-coustituted 
parts  of  the  body  is  withdrawing  the  supplies  it  needs:  the  muscular,  the 
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inwrconncn-  hervous,  tlie  cai-tikg^Ltious,  the  bony;  and  lience  tlierc  arise* 
ih'uu'^ii'ihi'/'*  ^  general  balance  in  the  Eystera,  each  part  making  its  demand 
drculiiiioa.  at  a  certain  rale,  and  eatU  observing  a  complcmenlary  ac- 
tion to  all  the  rest.  Sluuy  of  those  phenomena  which,  in  the  inliuicy  of 
pliysioEogy,  were  regarded,  aa  instances  of  sympathy  between  differenl 
parts,  are  clearly  dependent  on  lliese  conditions ;  for  the  development  of 
one  part,  by  abstracting  ajwcial  material  from  the  circulating  liquid,  per- 
mitfl  the  co-ordbiate  development  of  another,  or  perhaps  puts  a  atop  to 
it,  The  minutest  portion  of  the  mechanism  is  thus  indissolubly  ooit- 
nected  with  all  the  rt^st  through  the  medium  of  the  blood. 

Seen  as  it  cireulates  in  the  vessels,  the  blood  consists  of  a  colorle-ss 
The  ptMRiK  lif]uid  containing  corpuscles.  In  man,  some  of  these  corjjuaclea 
Bud  cells,  are  white  and  others  red.  To  the  liquid  in  which  lliey  float, 
the  designation  of  the  plasma  is  given ;  the  colored  corpuscles,  from  their 
rTnnertiesof  shapCt  arc  called  discs  or  cells.  The  sjiecific  gravity  of  the 
iJn  biooU.  blood  varies  from  1.050  to  1.059,  the  variation  being,  to  a  con- 
siderable extent,  due  to  variations  in  the  quantity  of  the  cells.  The 
temperature  is  about  100='  Fabr.,  the  reaction  always  alkaline ;  there  is 
also  a  faint  sickly  odor,  which  diflers  in  ditferciit  animals.  The  capacity 
of  blood  for  heat  is  in  direct  proportion  to  its  density.  The  cells  give  to 
the  blood  it«  tint  of  color,  and  this,  in  the  systemic  arteries,  is  crlmson,1n 
the  veins,  deep  blue.  However,  the  color  of  arterial  blood  de[>cnd3.  con- 
siderably on  the  condition  of  respiration.  An  imperfect  introduction  of 
oxygen,  as  in  hot  elimatea,  causes  the  arterial  blood  to  assume  a  ilark  color, 
and  the  same  is  observed  when  chloroform,  ether,  or  dduted  irrcspirabte 
gaav^  arc  breathed.     The  blood  of  the  male  sex  is  heavier  than  that  of 

the  female. 

GriutUiilioii  of  lit  Biaod. 

"Waier 7*4-00 

Albumen TU.<xi 

Fibrin ™.... 2.20 

iGIobulin ]2a.51' 

(Hwmiitin i.jI) 

/  Chulentorinie 0.08 

Ccrebrine O.Ml 

I  flemlinc , 0.03 

:  Oleic  And  margiimc  arid  1 

Volatile  iitid  odorfra*  fatty  ncid  >  , -  0.80 

I  Fst  <roniiaiiiine  ph(W|ihi»raB  J 

'CbLoriiJc  of  Mxliuni 3.G0 

Chloride  f>r|wtii5siiim 0.3f> 

TribD.<^ii-  pb<}s|ihAt«  gf  sod«..„.,..,..,„.,.  0.£0 

CarlxiDaic  of  hhEa >.■...,,  0,84 

I  ^uljihate  ofsodn. , 0.3S 

P}]i»ph«CE]4  cjf  liroe  ani]  niatrnet>iii 0.26 

I  Oxide  nnd  [ihui^pliiait:  of  iiTAD .....:.  0.50 

Exiracr,  luiliviiir^  matter,  urcn,  liilinrT  coloring  ) 
nuilter,  Ai^cidenial  frulxtances  f  ' '" 


Dbct 


Fals. 


5ali» 


5.47 
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Eiinaentarg  Comporitiim  ofdritd  Ox  Tilaod. 

Carbon ......,- ftl9.W) 

Hydrogen.,. Jl.TO 

Nitrogen 130.70 

Oxygen 2^13.90 

Ashea ., , 44.2n 

IVOO.OO 

This  tftMc  lca(l3  to  tbc  liypollietical  formula  of  tJie  ultimate  constitii- 

As  to  tlie  quantity  of  l>lood  in  tlie  circulation,  it  has  been  variously  es- 
timated. It  ma,}*  perhaps  be  taken  at  one  eighth  of  the  weight  Q„a^,i,„  ^, 
of  the  bod}*,  a  iiumbcr  which  is  agreed  upon  by  several  authors,  t'lowl  in  u>e 
3nd  in  support  ol"  which  Lelimaiiii  mentions  the  following  in-  "  ^' 
teresting  observation  :  '*My  friend,  E,  Weber,  detcrmiued,  with  my  co- 
operation, the  weiglits  of  two  criminals  before  and  after  decapitation.  The 
quantity  of  blood  which  escaped  from  the  body  ivaa  determined  in  the 
tbllowitig  manner:  Water  was  injected  into  the  vessels  of  the  trunk  and 
head  until  the  tiuid  escaping  from  the  veina  had  only  a  pale  red  or  yel- 
low color.  The  quantity  of  blood  remaining  in  the  body  was  then  calcu- 
lated by  in-stitutitig  a  comparieon  betM'eeii  the  solid  residue  of  tliis  pale  rwJ 
aqueous  fiaid  and  that  of  the  blood  which  first  cscappd*  By  way  of  illus- 
tration, I  fiulyoin  the  result.?  yielded  by  one  of  the  experiments.  The  living 
body  of  oiieoftlic  criminals  weighwl  G0,140  grammes;  and  the  somebody, 
after  the  decapitation^  54,600  granimea;  consequently,  5MQ  grammes  of 
blood  had  escaped.  2S.560  gramiiies  of  this  blood  yielded  5,3G  gramniep 
of  solid  residue;  60.5  grammes  of  sanguineous  n-ater  collected  after  the 
injection  contained  3.724  grammes  of  solid  substances.  G050  grammes 
of  the  flftngnineous  water  that  returned  from  the  veins  were  collected,  and 
tlieac  contained  -37.24  ^aiuntcs  of  solid  residue,  which  coFrcsj>oiids  to 
1&80  grammes  of  blood;  consequently,  the  body  contained  7520  grammes 
of  blood  (.0540  escaping  in  tlic  act  of  derapitotion,  and  1980  remaining  tii 
the  bodyj ;  hence  the  weight  of  the  whole  blood  was  to  that  of  the  body 
.nearly  in  the  ratio  of  one  to  eight.  The  other  exjKa-iinent  yielded  a  pre- 
rciaely  eimilar  result," 

A  short  time  at^er  it  has  been  drawn,  the  Llood  undergoes  coagulation, 
and  is  then  &aid  to  be  eonipoaed  of  the  serum  and  the  clot.  Sjmntanctnis 
In  this  state  it  is  eometimea  fipokcn  of  n.g  dead.     The  plasma  jenini'aiid"' 
of  living  blood  differs  irom  the  semin  of  dead  ut  containing  dot. 
fibrin. 

The  coagulation  of  the  blood  commences  within  about  ten  minutes 
after  it  hna.  been  draiviij  aiid  the  clot  undergoea  a  subsequent  the  Mapilt 
cOnden,«ition  during  one  or  two  days.  To  understand  the  'i""  "f '•'«>''■ 
physical  nature  of  this  siiisridiu'  change,  we  may  conveniently  regard  the 
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living  blood  as  coTitaining  three  leading  constituents — an  albuminous  liq- 
uid, fibrin  dissolved  tliercin,  and  the  cella.  The  coflgulation  arises  irom 
the  tentlency  of  the  fibrin  jiarticlcs  to  aggUitinate  togetUer.  As  tills  takes 
place,  II1&  cells  are  caught  in  the  meshes  of  the  network  that  arises,  and 
a  voluminous  red  clot  ia  the  result,  So  the  aerum  of  dea<l  blood  con* 
laifts  no  fibrin,  and  UiiFers  from  the  ijUsnia  of  living  blood  in  tliat  impor- 
tant particular. 

It  has  been  obserTed  that  exposure  to  cold  retards  coagulation,  as  doea 
Uke"Hn3e  the  absenee  of  air,  or  covering  the  blood  over  in-irh  n  film  of  oil. 
The  condition  of  rest  promotes  it^  as  also  doca  tlic  presence  of  rough  or 
ftngtdor  bodies.  Blood  will  ^-icld  np  ita  fibrin  readily  when  stirred  with 
The  hnHV  *  Stick.  When,  for  any  rca&on,  tlie  cells  fink  more  rapidly  than 
'»•(•  usual  (rom  the  surface  of  the  blood,  the  HWiu  of  the  supernatant 
portion  coagulates  alone,  giving  rise  to  a  Btratuni  free  from  the  red  color, 
and  designated  the  bufty  coat,  and  on  tlie  subsequent  contraction,  since 
there  are  no  cells  to  hinder  the  fibrin,  its  parts  upon  this  stratum  are 
drawn  more  closely  togelber,  and  the  clot  becomes  cupped. 

By  those  who  accept  figurative  expressions  as  an  explanation  of  phys- 
Explnnfttionrf  lologicfll  facts,  tlic  coagulation  of  the  blood  is  said  to  be  due 
rtinyiilutian.  |q  [(g  death ;  somc,  however,  have  regarded  it  as  an  abortive 
mttempt  at  organization,  and  therefore  a  manifestation  of  life.  Such  con- 
tradictory e.xpianaiions  lose  nmch  of  their  interest  when  we  examine  tLe 
facts  of  the  caae  critically.  I  believe  that  notliing  ujore  takes  pLicc  in 
btooil  which  has  been  drawn  into  a  cup  than  would  have  taken  place  had 
it  remained  in  the  body.  In  either  case  the  fibrin  would  have  equally 
coagulated.  The  entrapjiing  of  the  cells  is  a  mere  accident.  The  hourly 
demand  for  fibrin  amounts  to  62  grains  ;  a  ainiplc  arithmetical  caleuiation 
will  show  tliat  the  cutirc  mass  of  the  blood  would  be  exhausted  of  all 
the  fibrin  it  cotitains  in  about  four  hours,  so  that  the  solidilication  of 
fibrin  must  be  taking  place  at  just  as  rapid  a  rate  in  the  system  rb  after 
it  has  been  withdrawn.  No  clot  fonns  in  the  blood-vessels,  l>eojiuse  the 
fibrin  is  picked  out  by  the  muacuW  tissues  for  thtii^  noiiriabmcnt  as  fast 
as  it  is  preBente4,  nor  would  any  clot  form  in  a  cup  if  we  could  by  any 
means  remove  the  fibrin  graniJes  as  fast  as  tl^ey  solidified. 

Tliat  blood-fibrin  ditVera  trora  muscle-fibrin  in  certain  resiwcls  is  to  be 
admitted,  but  it  does  not  follow  that  blood-fibrin  ia  in  a  eonditiou  of  ret- 
rograde metamorphosis.  It  may  reijuire  modification  Ijefnre  it  can  be 
received  as  the  pyntonin  of  nluscles^  but  that  such  a  conversion  actually 
takes  place  I  think  there  can  be  no  doubt. 

In  entering  on  n  detailed  cxamirifition  of  the  constitution  and  fiinc- 
tiODS  of  the  blood,  our  altejilion  will  have  to  be  directed,  in  the  first 
place,  to  the  cells.  It  is  sufficient  to  arrest  otir  thoughts  at  once  when 
wo  Icam  that  for  e^'ory  beat  of  the  pulse  nearly  twenty  millions  of  these 
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organisms  die!      Pli^siologj  has  its  passing  WDndera  as  well  as  astron- 


omy. 


In  the  life  of  man  tliere  are  three  periods  distinguishcil  from  each  other 
by  the  nature  or  atructiuc  ot'tlie  blood'celis.     Those  of  the  „ 
first  period  originate  Bimultaneoiisly  with,  or  even  previonely  «cm  qi  tlowi- 
to,  the  heart.     These  are  ftonietimca  dcBignated  as  embryo  '*"  *' 

and  in  that  view  bear  the  same  relation  to  those  of  ibe  second  pe- 
iod  as  do  the  lymph  corpaacles  to  those  of  the  third.     They  are  color-  . 
less  and  epherical  cells,  containing  granulea  of  fatty  material,  aiid  hav-ing 

central  nuclelia-      Tlicse  are  deyelojied,  by  a  process  of  internal  deli- 
lesceoce,  into  cella  of  the  isecond  period,  -whrch  have  acquired  a  red  col- 
or, and  in  oviparous  vertebratee  an  elliptical  form,  though  in  nian  they 
are  circular.     They  are  flat  or  disc-like  in  shajie,  liare  a  diameter  of 
'mbout  jgVn  o*""Ji  inch,  with  a  central  nucleus  of  hail'  that  size.      Some- 
times tliey  appear  to  undergo  multiplication  by  division  of  the  nucleusi 

These  cella  of  the  second  period  are  replaced  by  those  of  tlic  third,  the 
transition  being  clearly  connected  with  the  produetiori  of  l^inph  and  chyle 
corpuscles.  By  the  end  of  the  second  month  of  tcctal  existence  the  re- 
placement is  complete,  and  the  class  of  cells  or  discs  that  has  now  arisen 
is  continued  during  lite.  The  mode  of  their  production,  according  to  Mr. 
P^et,  18  this.  The  chyle  or  lymph  corpuade  loses  its  granular  asiwct, 
and  acquires  a  pale  red  color,  which  gradually  deepens ;  the  corpuscle  be- 
comes smooth,  loses  its  spherical  form,  and,  condensing,  takea  on  a  con- 
vex lenticular  shape,  and  eventually  a  bi-concave.  While  this  cliangc 
of  alraclnre  is  going  on,  the  specttic  gravity  iiiereasea  throngh  the  con- 
densation, and  the  development  closes  by  the  spherical  white  granular 
lymph  corpuscle  beeoming  a  red,  bi-concave,  non-nuclealed,circalar,  small. 
and  heai'y  blood  disc. 

The  cell  o'i^  the  tirst  period  is  therefore  spherical,  white,  and  nucleated ; 
that  of  the  second,  red,  disc-ehapcd,  and  nucleated ;  that  of  the  third,  red, 
disc-shaped,  bi-concave,  and  non-nucleated. 

Tlie  primordial  cell  advances  in  development  to  different  points  in  dif- 
ferent orders  of  tinng  beings.  The  blood  of  invertebrated  DevelopiBant 
animals  contains  coarse  granule  cells,  which  pass  forward  to  f  f"  '■'^•-™''^' 
the  condition  of  the  fine  granule  cells,  and  reach  the  utmost  icHea. 
|wrfection  they  are  there  to  attain  in  the  colorless  nucleated  cell  of  the 
first  period  of  man.  In  oviparous  vertcbratcd  aniniala  the  development 
ia  carried  a  step  farther,  the  red  nucleated  cell  arising,  and  in  thcjTi  it 
gtops  at  this,  the  second  period.  In  mammals  the  third  stage  is  reached 
in  Jhe  red,  non-nucleated  disct  which  is  therefore  tlte  most  perlect  form. 

This  perfect  form  of  blood  cell,  as  it  occairs  in  man,  may  be  described 
OS  presenting  a  flattened  shape ;  the  liriglit  spot,  which  la  sometimes  seen 
in  the  eeutre,  arising  from  a  refraction  of  light  due  to  the  form  of  tbfl 
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disc  ami  not  to  a  nticleiia.  The  fwic  of  each  disc  is  elastic,  bo  that  it  caii 
rruceriici  and  "^  B""o1en  hy  water  wntU  it  bccoRies  convex  or  even  globu- 
Miiooriiiis  [)«r-  lar,  or  hy  iTnraersion  in  tliick  i>irup  may  be  made  lo  shrink,* 
eft'ects  ariaiiig  from  the  endosniotic  iniiltratiou  or  exudation 
through  its  wall.  When  pasaing  through  tlie  tine  ca|)illarte3  in  the 
oourao  of  the  circulation,  the  cell,  by  reason  of  this  elasticity,  can  make 
its  way  tlirough  very  difficult  pasaagBS,  extending  itaclf  into  a  cyluidroid 
form,  or  by  bending,  but  it  TDcovers  its  original  shape  as  soon  as  relieved 
firom  pressure.     The  iiveiagc  difttnotet  of  the  cell  is  estimated  at  ^^^  of 

an  iiichi  the  extremes  being  5j^V5>  a-nd  x^ht;' 
The  tlucknesa.  pf  the  cell  is  about  -i-j-Jttjf  ^"^ 
an  inch.  The  cell  owea  its  color  to  hsma- 
tin,  which  exists  in  its  interior  iu  a  state  of 
solution,  and  associated  nith  globulin. 

The  facts  mentioned  in  the  preceding  par- 
agraph arc  Jlliiatrated  by  the  annexed  en- 
graved photograplis.  I'lff.  42  represents  hit- 
man blood-ccll&.  Their  form  is  circular:  they 
have  a  central  depression,  but  no  nticleus. 
/'/y.  43  represents  the  elliptic  nucleated 
blood-cellg.  of  the  frog,  with  here  and  there, 
I^iff.  44  reprcaenta  the  endosmotic  action  of 
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water  on  theae  ccUb.  J^iff.  45,  tlie  action  of  acetic  acid  in  darkening  or 
concentrating  llio  nucleus.  In  ^itj.  46  we  have  an  illustration  of  the 
size  and  appcamnce  of  the  blood-cell  in  a  reptile,  the  photograph  from 
which  this  figure  was  taken  liaving  been  made  under  the  same  magni- 
fyitig  power  as  that  eniploved  in  obtaining  the  photograph  of  human 
bbod. 
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AMlMi  «rM«'lic  w^d  un  elllpUccvtlA 


ltvpUlvMnd-<iell#niKeniaed»Mdl4mcum 


The  mammals  in  wliich  the  blood  corpuscles  ate  not  round,  but  ellip- 
tic and  bi-coiivcx,  arc  tlte  caniel,  tlie  dronieiiary,  and  tlie  llama.  In 
birds  and  ampliibla  they  are  oval.  The  ditlbrcnce  m  the  shape  and  aizc 
of  tliese  cells  i»  of  the  more  iniporlance,  nince  obpervations  and  tneasiire- 
mcnta  by  the  microscope  may  lead  us  to  a  correct  relertrice  of  a  Bampic 
of  blood  to  its  origin  when  chemical  analysis  would  aflbrd  ii3  no  assist- 
ance. It  is  not  to  be  forgoltcH,  however,  that  Iwth  in  size  and  form  a 
blood-eeil  imdergoes  changes  according  to  unequal  pressures  vari»iinnsor 
exerted  upon  it,  or  to  the  physical  circumstances  ^mde^  wliicb  lii^  fonn  i<t 
it  is  placed,  liquid  readily  linding  its  way  into  its  interior  or  ''^'^ 
exuding  tlierefrora  according  to  the  laws  of  cndosnioaifl,  the  cJaalic  sac 
perfectly  aeconiniodating  itaelt'  to  these  changes.  As  a  consequence  of 
these  modifications,  there  wUl,  of  course,  follow  variations  of  sj)ccitic  grav- 
ity in  the  cell,  dirtcrcncea  in  its  tendency  to  sink  in  the  plasma  which 
surrounds  it,  and  also  difTercncea  in  its  tint  of  color. 

By  Mr.  Wharton  Jones,  the  colored  Llood-diac  of  the  mammalian  is 
regarded  as  being  homologous  with  the  nucleus  of  the  color-  „        ,  ,^ 
less  corpuscle  of  the  aame  bloo<l,  and  it  may  therefore  be  disc  is  n  «!]<«. 
■poken  of  as  a  tree  cella-form  nucleus,  the  cell  itself  having  f"™ '""^'*"s- 
deliquesced  or  become  disintegrated,  and  the  nucleus,  filled  with  globulin 
and  coloring  matter,  remaining. 

The  cell  wEiU  of  the  blood-ccUs  is  generally  admitted  to  be  fibrin,  or 
some  substance  allied  thereto  ;  bat  tliere  has  been  much  dif-  „  ,       , .. 

_         '  NBtQii!  (If  the 

fereneo  of  opinion  respecting  the  constitution  of  the  nucleus  ™n  «dls  ami 
of  those  cells  which  possess  it.     By  some,  thU  ako  has  been  "'"^''^'"' 
regarded  as  fibrin ;  by  others,  as  fat ;  and  by  otliers,  as  a  species  of  hom, 
to  which  the  designation  of  nucteine  has  been  given. 

The  cell  wall  of  the  white  corpuscles  does  not  appear  to  be  elastic 
It  ia  viscid,  and  hence  these  bodies  tend  to  agglutinate  with  one  another : 


lis  COMPOSmON   OF   BLOOD-CELLfl. 

in  aspect  it  is  gronalar.     The  contents  appear  to  be  an  albuminous  so^ 
lution,  in  wliicli  fine  granules  are  suspended. 

Thoagh  we  have  descrJbod  the  mesenteric  glands  as  the  original  place 
of  formation  qf  the  blood-cells,  it  is  to  l>e  understood  tliat 
these  become  jierfcctcd  in  the  circulation  of  the  blood;  and 
from  what  will  be  said  respecting  the  function  of  the  liver,  it  may  be  in- 
terred tJiat  that  glaud  ie  the  seat  of  a  most  imixtrtant  cliange ;  there 
probably  they  receive  their  iron.  That  no  special  organ  is  exclusively 
charged  with  the  duty  of  forming  them  appears  from  this,  that  the  first 
form  of  blood-cclls  arises  in  the  gerniinal  area  of  the  cmbrj-o  wlieu  there 
is,  as  yet,  no  gland. 

Water -.,...„ 098.00 

Hittnotiu  (induding  iron) Ifi.Jli 

Globulin  noil  ceU  mcnibranu S62.22 

Ftt..,„ S.3I 

Extr&ctiro 8,60 

Mineral  ButotanteH.....,..,.* * 8.13     • 

TooolJo 

Leaving  the  water  out  of  consideration,  the  predominating  ingredients 
of  blood-ceUs  are  therefore  globulin  and  liiomatin.  The  tomier  is  a  sub- 
stance approachingi  in  properties,  to  casein,  or  perhaps  intermediate  be- 
tween castin  and  albumen.  Its  constituents,  ai  determined  by  au  ulti- 
mate analysis,  arc  the  same  as  in  the  case  of  those  bodies. 

Ha^matin  is  diatinguislied  by  its  reil  color.  When  isolated,  it  exhibits 
ChanEMoftoi-  ^^^  changes  of  tint  cliaraeteristic  of  artcrialization  in  a  doabt- 
or  dirpunding  fu|  manner.  There  are,  however,  many  facts  which  lead  to 
thpforaoftiio  f''^  supposition  tluit  the  color  of  arterial  and  venous  blood 
"ii*-  does  not  dejwnd  so  much  on  a  chemical  change  in  the  ha;ma- 

tin  as  on  an  alteration  of  the  figure  of  the  discs, 

Tlie  constitution  of  ha^raatiii  Ja  C„,  11^,  N^,  Og,  Fe,     It  exists  under j 
PropcrtiMof  ti\'o  forms,  soluble  and  coagiiialed.      It  hns  hitherto  been  stud-'f 
iiKuuLtiti.       jpj  pf|]y  In  (lie  latter  slate,  and  is  soluble  in  weak  alcohol' 
acidulated  with  sulphuric  or  hydrochloric  acid,  but  not  in  water.     Its 
solnlion  is  therefore  precipitated  by  the  addition  of  that  liquid.     In  weak 
solutions  of  jilhalies  it  rejidily  diKSolves.     Formerly  its  cbaracteristic  red 
color  was  attribated  to  the  iron  it  contains,  but  that  metal  may  be  ea- 
tirely  removed  from  it  without  changing  its  tint.     The  amount  of  irott  it 
yields  is  alwut  seven  per  cent. 

Ilirmatin  occurs  in  the  blood-cells  associated  with  globulin,  and  wotdd 
■cem  to  owe  its  origin  to  the  action  of  the  wall  of  the  cell,  if  it  be  true 
that  the  red  cells  originate  from  the  white  ones.  In  this  formation  of 
hematin  there  are  several  reasons  which  lead  ub  to  infer  that  fat  takes 
■II  eaiK'ntial  share. 
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t'itimale  Analyiis  qf' Ilaifuitin- 

Carbon (553.47 

Hvdrogen - 54.45 

Nitmgen ,.  108.06 

Oxygen ]  18.81 

Iron 6!i.flt 

The  remarkable  feature  in  the  eompoailion  of  this  bodj  is  the  large 
quantity  of  iron  it  contains..  The  percentage  amount  of  tiiis  jrt,n  iu  the 
metnl  in  tlie  blood  of  the  fa*tiis  is  much  greater  than  m  tltat  of  '*''*■ 
the  mother.  After  birth  the  jjroportion  declines,  ]>ut  it  rises  again  at 
puberty.  These  variations  in  the  amount  of  the  iron  are,  liowever,  de- 
pendent on  correspoTKlinj;  variations  in  the  amount  of  cells, 

The  ]ni{>ortance  of  tlie  remark,  when  we  arrive  at  the  study  of  the 
bile,  justifies  us  in  repeating  that  the  iron  of  tlie  blood  belongs  to  the 
ha-niHtin  of  the  cells,  its  percentage  proportion  varpng  witli  their  condi- 
tion, and  also  with  the  region  of  the  circulation  from  which  they  ha^-e 
been  drawn.  As  derived  from  dift'erent  animals,  the  cells  present  differ- 
ent qnantiitiea  of  this  metal.  Thus  Schmidt  found  in  100  parts  of  dry 
blood-cella  in  man,  0.4348  j  in  the  ox,  0.500 ;  in  the  pig,  0.448 ;  and  in 
the  hen.  0.329. 

The  crystalhne  eubstanee  of  blooti  occurs  under  three  different  forme, 
in  priRroa,  tetrahedra,  and  hexagonal  tablets.     In  the  pris-  (,    j^,y^^ 
matic  form  it  is  derived  from  human  blood,  that  of  fishes,   BubBUuce  ot 
and  of  some  mammals ;  m  the  tetrahedral  form  it  is  obtained  '''"'"^' 

1"-.  «-  Fin.  M. 


Uiiniiu  bl«od*ry«Uk.  DIoodHsrjnjiLi  of  G  uliH«i-plff . 

from  Guinea-pigs,  rats,  and  mice ;  in  the  hexagonal  form,  from  squir- 
rels. Blood-crystals  are  of  a  red  coW,  without  smell  or  taste,  losing 
their  water  of  crystallization  under  exposure  to  the  air,  the  different  forma 
presenting  different  ratca  of  solubility;    the  tetrahedral  bemg  soluble 
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bLo>ia-ct y  lUla  ai  B.iiiltTv]. 


^  *  in  6()0  parts  of  water,  liie  prisniatlc- 

in  90  parts  only;  llie  solution  in 
tlic  formtT  case  l>eiiig  pinkislit  ihai 
of  the  latter,  dark  re(L  They  are 
also  diasolvfd  by  acetic  acul,  tlio  kA 
pruasiati?  of  potaali  producing  a  pre- 
cipitate therd'rom.  as  in  the  trstsn  of 
other  protein  I>odics.  Clilorine  clc- 
colorizes  tlieir  aohttions  and  gives  a 
white  flaky  precipitate.  The  ciys- 
tala,  when  lieatcd,  swell,  yield  an 
oilor  like  burnt  horn,  and,  after  com- 
hiiBtinn,  leave  a  Hmall  quantity  of 
ash,  Yrom  the  difficulty  of  ohtain' 
ing  blood -eryataJs  iu  a  3tate  of  purity,  their  constitution  Is  not  known 
with  absolute  certaiuty.  The  asli  whkh  they  yield  consists  of  ahout  72 
per  cent-  of  oxide  of  iron,  and  2 1  per  cent,  of  pliosplioric  acid,  the  prioteiii 
constituent  being  npparontly  identical  with  other  protein  bodies.  The 
Moduofou  crystals  may  he  obtained  for  examination  by  covering  a  mi- 
cdininii;  Liood-  nutc  dfop  of  blood  With  a  gloBS  Hlidft,  and.  after  adding  water, 
''^*  ■  alcohol,  or  ether,  to  pennit  a  gradnal  evaporation  to  ensue. 
The  amount  thus  produced  dcpemla  very  niucli  upon  the  presence  ot'light; 
thus  Lehmann  found  that  while  he  could  only  obtain  two  per  ce,iit.  of 
crystals  from  the  blood  of  the  Guinea-pig  in  the  dark,  lie  could  obtain 
more  than  se-\en  per  cent,  ui  the  sunlight, 

Lehmann  bcliei'cs  tliat  the  crystalline  substance  is  not  a  mixture  of  a 
pigment  and  a  protein  body,  but  a  pure  chemical  cOInpound^  having  cither 
a  Bait-like  or  conjugated  constitution. 

The  color  of  the  blood,  aa  dependent  upon  the  tint  of  its  cells^  is,  ae- 
CoW  of  Hwiii-  cording  to  the  news  of  Henlp,  connected  to  a  considerable 
**"d  ""'{(f  ■"  degree  with  the  fonn  of  those  orgjinisnis  as  they  vary  trom  a 
form.  concave  to  a  convex  surface,  and  not  with  tlic  state  of  the 

tuematin.  When  they  an*  more  concave  thoy  arc  of  a  crjnison,  when 
of  a  more  convex,  of  a  darker  hue,  Jloreover,  duran*;  these  variations 
thdr  investing  membrane  must  necei^Harily  change  in  tlticknes^,  and  thia 
likewise  must  iiltw  their  mode  of  transmitting  Ught. 

Among  the  causes  which  can  impre.'*s  a  change  on  the  figure  of  the 
bWd-cells  ought  particularly  to  be  Bpecitied  exposure  to  oxygen  and 
^bonic  acid  respectively,  the  latter  causing  tJicm  to  become  more  opaque 
■a  tltC'ir  centre,  broader  upon  their  edge,  the  cell  distending;  an  opposite 
etfect  ensning  under  exposure  to  the  former.  In  the  ease  of  the  blood- 
kUb  ot  frogs  c:xposed  to  oxygen,  the  long  and  ehort  diameters  both  di- 
■UBh.and  the  wall  becomes  granular:  after  exposure  to  carbonic  acid 
hey  iaanse,  the  wall  becoming  pellucid. 
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Constituted  thna  of  an  elastic  sac  filled  with  globulin  and  hmmatin,  the 
cells  rioat  in  the  jilasma,  They  are  nourisheJ  at  its  <"xpeu»e,  and  when 
they  die,  deliver  up  their  contents  by  deHfjueacenc*  to  it.  Accouipany- 
ing  tbeni  are  the  vvliite  corpuHcles,  from  which  new  g;eaerations  are  to 
arise.  It  m  usually  statcU  tliat  for  every  00  red  discs  there  Thr  white 
is  one  wliitu  corpuscle.  They  may  lie  readily  discovered  tlur-  '^nx'S'^le*- 
ing  the  cLrcidalioii  Ly  tlic  Jiitcroacopr,  many  of  them  occup}"ing  Ihe  exte- 
rior of  the  ciirrcntj  as  though  they  had  a  specijd.  relation  to  the  soft  tia- 
sccs.  It  inay  porhapA  hc  erroneous  to  regard  these  large  ■white  corpus- 
cles Hi  the  embrj'03  of  the  red  discs,  TU-aaons  could  be  asBigiied  in  gup- 
[wrl  of  the  doctrine  that  the  same  primitive  gcjm  going  onward  to  devel- 
opment mny,  at  a  certain  point,  diverge  in  two  directions  *,  if  it  passes 
through  one,  it  will  perfect  itself  as  a  wliite  cell;  if  through  the  other,,  as  a, 
red  disc. 

The  proportional  numher  of  blood  corpUHcles  in  different  animals  va- 
ries considerably.  Generally  cold-blooded  manuiiidg  present  Nmni'iprofL-eiu 
fewer  than  warm-blooded  ones,  birds  having  more  than  quad-  ^,)t.',lnt*^i 
rupr^ds,  ami  anioiig  these 'the  caniivora  more  than  the  herbiv-  maU. 
ora-  Of  dilitrent  domestic  animals,  the  pig,  the  dog,  the  ox,  the  horse, 
the  est,  the  sheep,  the  go«t,  possess  them  in  the  order  in  which  iheii- 
names  lia\'e  been  mentioned,  the  go.Ht  having  only  86  to  145  in  the  pig. 
Their  proportiomii  numlier  also  varirs  iji  different  regions  of  the  circula- 
tion :  tliuft  it  is  said  that  (irterial  blood  contains  fewer  th.in  ■\enouii,  the 
portal  blood  fewer  than  the  jugular,  the  hepatic  more  than  the  portah  It 
is  not,  however,  to  Ije  overlooked,  that  iti  all  tliese.  determinations  tlic 
ipiantity  of  water  which  chances  to  be  present  controls  the  estimates,  and 
that  thejefore,  aa  thus  offered,  they  are  really  of  leas  interest  than  might 
iit  first  sight  be  supixised. 

We  Lave  nest  to  speak  of  the  plasma.     It  may  be  described  as  a  clear 
and  sliglitly  yidlowish  colored  tluid,  consisting,  as  all  aiiimal  composition 
juices  do,  for  the  most  part  of  water,  holding  in  suspension  or  orpl»snia. 
.solution  albumen,  fibrin,  fats,  and  various  mineral  bodies,  as  the  follow- 
ing analysis  shows. 

Proximatt  dviptteitioit  e/  At  FJfuma, 

Water 9(12.90 

Albumen T6-8* 

Filjfin 4.05 

Fot-.. 1.73 

EKtrnttire 8.94 

MiDcrol  aubitancea B..^S 

HX)0.00 

Of  the  water  it  may  be  remarked,  that  the  usunl  percent-  ^-j,„of(j,g 
Ageeatimatemade  of  its  quantity,  as  regards  the  entire  blood,  wiioic  \AooA- 
is  from  700  to  790  parts  in  1000.     Within  these  limits  it  is  "*  '■«^^'«'*- 


m 


VAEUTIONS  IN  WATER,  ALBUMES,  ASV  FIBSIN. 


liable  to  tupid  variations,  aa  depetidetit  on  the  condition  of  thirat  or  tlie 
recent  inJiilgeiicc  in  drinks.  It  doo^  not  increaae  in  proportion  to  tbc 
(unoiuit  whidi  Las  been  imbibed,  ibr  the  Malpighian  bodies  of  tbc  kidncv* 
(13  will  liereaftej  appear,  Btrain  it  off  irith  great  rapidity.  When  tlie 
blood-vessels  are  distended  to  a  certain  dejjjrce,  they  rcftise  an  entrance  to 
it.  The  necessity  of  these  provitiiona  arines  from  the  fact  that  there  is  n 
certain  state  of  viscidity  whicli  the  blood  must  posscaa  for  its  pmper  cir- 
culation. 

Upsiwicting  variaiiona  in  tlie  amount  of  water  in  flie  blood,  it  may  be 
staled  that  that  of  women  contains  more  water  than  that  of  men.  Among 
different  animala,  the  senim  of  the  amphibia  contsiinB  the  largCBt  qnantity; 
nnd  among  mammals,  that  of  the  lierbivora  more  than  that  of  the  car- 
nivora.  Obtained  from  different  vessela,  the  arterial  has  more  than 
venous  blood,  but  the  aerum  of  the  portal  vein  contains  more  than  that 
of  any  other  vein,  the  proportion  dejiending  on  tlie  amount  and  time  of 
the  ingestion  of  water. 

The  albumen  varies  in  quantity  from  60  to  70  in  lOOO.  It  is  prob- 
V.   ■  .■  ably  BSHOciuted  or  combined  with  soda.      It  exists  in  the 

■inimUiy  of  «u  blood  of  the  splenic  and  bepiitic  veins  as  tho  neutral  albumi- 
nate of  soda.  It  docs  not  appear  to  contain  any  phosphorus, 
as  waa  at  one  time  snpposed.  It  is  the  plastic  material  from  which  all 
the  soft  tissues  are  nourished,  and  by  it  the  cells  themselves  grow. 
F'ibrui  ariees  Irom  it  in  the  blood  in  the  same  maimer  as  it  does  during 
the  incubation  of  an  egg^  every  care  is  takfn  to  economize  it  in  the  sys- 
tem, and  it  is  never  excreted  except  in  disease^ 

The  quantity  of  albumen  is  greater  in  vx-nous  than  in  arterial  blood, 
the  pro|)ortion  increasing  during  digestion.  It  also  presents  variations 
in  different  states  of  disease.  Its  condition  varies  in  various  parts  of  the 
circulation,  a  circnmalancet  to  a  considerable  extent^  due  to  tlie  nature  of 
the  salts.,  or  to  tite  quantities  of  alkali  with  which  it  is  associated. 

The  fibrin  is  iK^ually  estimated  at  2  or  3  parts  in  1000  of  blood.  It 
y  ■  fi  ■  may  fall  as  low  as  1,  or  rise  as  high  a.&  7J.  There  is  a  con- 
the  rjUMiaty  rf  slant  drain  u[X>n  it  for  tiie  nutrition  of  the  niuseuW  tissuea ; 

""'  and  since  it  originates  in  the  action  of  oxygen  upon  albu- 

men, we  should  exjiect,  as  is  really  the  case,  that  arterial  blood  would  be 
ridiiT  in  it  than  venous.  The  portal  blood  contains  it  in  minimum  quan- 
tity. Its  jwrccntage  risea  if  oxygen  be  inhaled,  or  the  respiralorj*  pro- 
cess lie  quickened;  for  similar  reasons^  it  uniformly  increases  iji  acute 
inflammations.  The  ultimate  analyses  of  fibrin  seem  to  show  that  it  con- 
tains more  ox>-gcn  tbnn  albumen,  and  this  corresponds  with  its  mode  of 
origin.  It  is  an  important  practical  obsen^ation,  that  though  it  is  easy 
to  regulate  the  quantity  of  cells  by  variations  of  diet,  tlie  amount  of 
fibrin  can  Dot  so  readily  be  changed  in  that  manner,  nor  its  development 
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cliecked  hy  venesection.  There  is  less  fibrin  in  tke  blood  of  the  camiv- 
OM  tlian  in  that  of  the  herbivora. 

It  has  been  asserted,  as  was  jnentioned  before,  that  there  U  so  wide  A 
diflerence  between  the  fibrin  of  blcod  and  muscular  libre,  Fibrin  u  a  hu- 
that  we  caa  no  longer  regard  the  latter  as  arising  from  the  tog^Detkbrnly. 
fomicT,  but  must  consider  it  inerely  as  coagulated  albumen ;  and  that, 
aiuce  the  action  of  acetic  acid  upon  it  shows  its  relation  to  gelatine,  it  is 
probably  more  nearly  related  to  the  fibre- gelatinous  than  to  the  cellulo- 
albuminoua  tissnes.  But,  although  the  fact  that  fibrin  contains  more 
oxygen  lliaci  albumen  seems  to  lend  weight  to  such  views,  since  oxida- 
tion appertains  to  tlie  retrograde  rather  than  to  the  ascending  metamor- 
phoeis,  there  are  so  mnny  arguments  in  fnvor  of  the  old  doctrine,  lliat 

I  think  it  may  be  regarded  as  thus  far  unshaken.  Moreover,  it  U  now 
established  beyond  any  doubt,  that  by  nitrate  of  potasli,  and  other  salts, 
fibrin  may  be  tranpmuted  into  a  Buhstancc  analogous  to  albumen. 

The  fats  vary  rerj'  much  in  quantity  at  different  times.  The  amount 
m  usually  stated  at  from  1.4  to  3.3  in  1000  of  blood.  After  a  meal  the 
plasma  may  be  actually  milky,  throngh  the  fat  globules  y^rifltionsin 
brought  in  by  the  chyle.  We  have  already  shown  that  ihp  quantity  of 
starch  Trill  give  origin  to  fat,  and  oily  substaiices  can  be  ob- 
tained from  lactk  acid  it&eU'.  The  nitrogenized  bodies,  during  their  de- 
struction, likcmse  yield  them,  and  it  is  a  normal  function  of  the  liver  to 
effect  the  production  of  fat. 

The  Bemra  contains  only  an  insignificant  quantity  of  free  fat:  but 
there  is  a  large  proportion,  of  saponitied  fat  in  it,  as  well  as  the  lipoids 
cholesterine  and  aeroiin. 

The  view  heretofore  taken,  that  this  class  of  substaneeg  is  tiot  histo- 
genetie,  but  only  respiratory,  requires  to  be  modified.  There  cswaf  ihcfkta 
IB  reason  to  believe  that  the  blood-cells  themselves  can  not  *^  ''''*'*■ 
be  formed  except  in  presenee  of  oil,  which  is  also  necessary  to  enable  ni- 
trogenized bodies  to  assume  the  ferment  action.  The  nuclei  of  cells  con- 
tain fats,  as  do  also  embryonic  alnictures  generally.  Cholcsteriiie,  or 
liver-fat,  is  not  snponifiable.  It  appears  as  a  product  of  diftintcgrationt 
increasing  in  quantity  during  acute  diseases.  The  proportion  of  this  sub- 
stance increases  after  40  years ;  it  also  forma  a  principal  ingredient  in 
biliary  concretions. 

iVmong  the  special  constituents  of  certain  portions  of  the  venons  blood 

not  mentioned  in  the  preceding  tables,  we  ought  not  to  over- 

II  1  -  1  ■  ■  ,?  .11,,  LiTer*ngar. 
look  sugar,  which  exists  as  a  constant  mgredient  oi  the  blood 

contained  in  that  part  of  the  circulation  intervening  between  the  liver  and 
the  lungs.  This,  which  is  known  as  liver-sugar,  may  have  originated  in 
the  transmutation  of  cane-Bugar,  or  from  the  metamorphosis  of  the  mus- 
cular tissues.     It  is  to  be  remarked  that  tlifi  blood  contains  no  gelatine. 
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Compntisnti  tif       To  the  mineral  substances  io  the  cells  and  iiIasmB  of  tlir 

lie  mineral  iii  -i  ■  1111  -iii-  1 

MtiMiLiimtaof  oloou  respectively,  atlciifion  sliould  lie  particularly  dirccteu. 

thi!  cL-iis  fltid  gince  (ijyy  iiidicato  tlie  fmictioua  of  these  poriiona. 


ploAnia. 


Aftwsral  CoM/iluents  in  1000  I'\ir/a  uftkr.  Bluod. 


1 


Chlciiine 

Sulphnric  add 

Ph«*]ihoric  »ciJ  ., 

pDtiussiuiu , 

^DiLiiini 

Ojtj/gf" 

Plujsjibat**  of  Ciiiic , 

l'hu!i[ihai4:  nf  nmgnu^ia 
In>D  exdadcd.. ........... 


l.tiSQ 

i.m 

3.3S8 

1.0&2 

0.114 
0.078 


8-130 


3.S44 
OJIfi 

0.191 
0.823 
S.Ul 
0.4<W 
O.SII 
O.S83 


8.690 


The  amount  of  inorganic  matter  in  the  oella  and  plasma,  respectively, 
of  1000  parts  ol"  hlood  being  nearly  the  same,  the  table  shows  that  there 
18  more  than  twice  as  much  chloriue.  and  more  than  three  times  jus  much 
sodium  in  the  plasma  ta  in  the  cells.  It  may  thence  be  inlerred  that  the 
chloride  of  sodium  is,  fur  the  moat  i>art,  in  the  ])la.snia.  jdorcovtr,  there 
in  six  times  as  much  phoiipliorus,  nnd  more  tlian  ten  lime:^  as  niiu'h  po- 
tasBinni,  in  the  cells  aa  in  the  plasma;  and  therefore  it  may  I*  infurred^ 
since  iiotasli  is  required  to  so  great  an  extent  in  the  nutrition  of  the  mus- 
cular system,  and  phosplionis  aa  an  clement  of  llic  plio^phorized  oils  in 
the  netvouR,  that  the  cells  liave  a  direct  functional  relation  to  those  im- 
portant mechanisms,  and  this  in  addition  to  their  duty  of  introducing 
oxygen. 

Tlie  mineral  constituents  of  the  blood  dischai^e  very  different  duties* 

Fuatiifliiit  of     some,  either  directly  or  indireetly,  acting  functionally,  ollicrs 

''"' '"'"''"'  aj,  histopenelic  bodies.  Thus  the  alkaline  properties  of  the 
(wnsiutienwof  t>  1.11 

thv  blood.         blood  are  due  to  the  presence  of  the  carbonate  and  phosphate 

of  soda,  and  tliis  latter  substance  enables  the  Bemm  to  hold  in  solution 
carbonic  acid,  and  thus  it  maiutflins  a  relation  in  the  respiratory  opera- 
lion.  But  the  phosphate  of  lime  discharges  a  tmc  histogenetic  function, 
since  upon  it  the  bony  syatein  depends  for  its  nutrition.  The  mutual 
relations  of  these  suhptances  are,  of  couri^e,  very  complex,  tliough  often 
of  importance..  Thus,  of  the  two  just  mentioned,  the  phosphate  of  soda 
enables  the  eenim  to  hold  the  phosphate  of  lime  in  solution. 

The  tawny  coloring  matte:r  of  serum  differs  from  choIepjTrhin  in  not 
Coldritig  mit-  yielding  the  characteristic  reaction  of  tliat  body.  The  tint 
terof  KTuiii.  sometimes  becomes  ^juite  deep,  owing  to  several  different 
causes,  such  as  the  undue  accumulation  of  the  coloring  matter  of  urine, 
through  disturbance  of  renal  action,  or  trom  bile  pigment,  as  in  ictems. 

The  gaecs  which  can  be  disengaged  from  the  blood  occur  in  the  cells, 
ucconling  to  Magnua»  a  statement  which,  however,  is  very  far  from  being 
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substantiated:  they  arc  CM'bonic  acul,  oxygtm,  and  nitro^n.  Gin-wxofLhn 
He  found  that  this  liriuid  can  absorh  once  and  a  hftif  its  vol-  ^^'"-"^■ 
unie  of  cai'l>onic  acid,  and  timt  in  arterial  blood  tlw  jmijwrtioTi  of  (hat 
acid  to  oxygen  is  an  16  to  6,  in  venous  as  IG  to  4.  That  the  oxygen 
is  very  loosely  retained  is  shown  by  the  ci  renin  stance  that  it  may  for 
the  most  part  be  removed  by  expo^nre  tn  a  vacuum.  The  other  giisca 
may  be  withdrawn  by  a  stream  oJ'  hydrogen. 

At  a  temperatn.ire  of  98°,  water  absorbs  scarcely  one  per  cent,  of  its' 
volume  of  oxygen  gaa,  but  the  blood  can  take  up  trom  10  to  13  times  ns 
much.  This  is  accompbslitd  by  the  coloring  material.  Ttie  amount  i» 
independent  of  variations  in  the  pressure  of  the  air^  wijii.'lj  would  not  lie 
the  (-■asQ  if  the  gas  were  received  into  the  circuhiting  fluid  by  mere  solu- 
tion. Tliis  ia  the  opinion  of  Liebig,  by  whom  it  is  regarded  as  being  to 
some  estcjit  substantiated  by  tlic  fact  that  the  respiration  ia  aecomplislied 
with  nearly  tlie  same  residt,  bo  far  as  the  absorjition  of  oxygen  ia  con- 
cerned, at  considerable  heights  above  and  at  the  level  of  the  se;i,  and  tliat 
no  more  oxygen  is  received  from  nn  atmosphere  very  rich  in  that  gas 
that!  from  the  ordinary-  air.  However  correct  this  view  may  be,  the  fact? 
cited  in  its  supjiort  are  very  far  from  being  undeniable, 

Tlie  preceding  chemical  examination  of  the  special  constituents  of  tlie 
blood  letuls  us  next  to  consider  tEic  general  functions  of  this  liquid  iii  the 
aggregate. 

In  this  general  aenae,  the  blood  discharges  the  following  offiees.     Its 
albumen  baa  llic  duty  of  gi^-ing  origin  to  all  the  plastic  tis-  p_  frauiar 
aU'CS  of  the  svstcm.      FrOm  it,  for  example,  by  CcU  action,  aS  laem  of  ihe 
explained  in  treating  of  kcteal  absorption,  fibrin  arises^ —  thc^iltomit 
fibrin,  wliich  is  used  tor  the  renovation  and  repair  of  the  mus-  ruD^titm-nUiof 
cular  tissues.     The  discs  have  a  relation  with  the  function  of 
respiration;  they  obtain  oxygen  in  the  pulmonary  circulation,  and  carry 
it  through  the  system.      They  contribute,  moreover,  to  the  develoi>mcnt 
of  muscular  fibre,  atid  also  nervous  material,  and  tliig  not  alone  as  regards 
the  coloring  matter  of  those  tissues.     The  fats  are  necessaify  in  the  pTO- 
ducrioo  of  fibrin  and  for  the  nuclei  of  cells;  but,  besides  these  lustogn- 
netic  relations,  they  eventually,  with  the  exception  q(  liver-fat,  undergo 
oaddatJon,  and  so  minister  to»  the  support  of  a  high  temperature.     Of  the 
fiaJiDC  substanees.  common  salt  promotes  digestion  by  aiding  in  the  jirep- 
aration  of  gastric  and  pancreatic  juices;  the  phosphate  of  Hoda  enables 
the  plasma  to  hold  carbonic  acid  in  solution,  and  carry  it  to  the  Innga. 

It  is  interesting  to  observe  the  limits  of  variation  which  the  blood  may 
present  in  disturlied  or  diseased  conditions.  In  inflammations,  tlie  fibrin 
may  increase  fourfold ;  in  tyjihoid  fevers  it  may  diminish  to  less  than 
one  bal(i  and  ironi  these  varialioiis  special  resnlts  may  arise.  Thiis 
diminution  of  its  fibrin  diajKtecfi  the  blood  to  p^efematnr.^!  oozing  Or  fa- 
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cility  of  escape.     So  also  the  cotU  have  been  known,  in  cases  of  chloro- , 
nist  lo  Buik  to  one  til'th  of  the  healthy  amount.     The  albiinier,  too,  cjc- 
hiliitR  like  vtmjitions.     In  Briglit's  disrjife  it  greatly  dimiiiisbes,  raucllj 
of  it  escaping  in  the  uriiiG  by  the  9trai.iiiiig  action  of  the  kidneys. 

Thua  constituted,  the  blood,  by  a  mecbaiusni  to  be  described  in  the 
nest  chapter,  riasscs  from  the  heart  alternately  to  all  parts 
riiigduring  Lh«  of  the  syateni,  and  altomatcly  to  the  cells  of  the  lungs,  ^v- 
ing  rise  to  wliat  have  been  termed  the  greater  and  less  cir- 
culation, or  the  syslcmic  and  the  pulmonary.  In  the  systemic  circola* 
linn,  the  blood,  which  Jeavea  the  heart  in  an  arterialiaed  conditiou,  or  a»- 
aociated  with  atni09|)lieric  oxygen,  gives  up  that  element  to  the  various 
lisBues  as  it  pervades  them,  and  aeconiplishes  a  double  result:  the  re- 
moval of  all  those  particles  wliich,  having  discharged  their  duty  and  un- 
dergone partial  or  perfect  interstitial  death,  arc  ready  to  pass  away,  and 
also  the  liberation  of  a  great  amount  of  heat  by  the  destructive  oxidation ; 
so,  at  the  Barae  time,  the  wasted  matter  is  removed  and  advantage  taken 
of  it  to  raise  the  tempei-ature  of  the  body.  This  done,  the  blood  mafees 
ite  way  back  lo  the  heart,  following  thp  channel  of  the  veins  as  they  suc- 
cessively converge  into  trunks  that  are  larger  and  larger.  At  the  mo- 
ment of  surrendering  its  oxygen  and  receiving  the  various  products  of 
comliustion.  a  change  of  color  oecnrs.  The  bright  crimson  turns  to  a 
deep  blue,  nnd  the  blood  prescnla  itself  of  that  color  at  the  heart. 

It  now  undergoes  the  leas  or  pulmonary  eirtulation.  Leaving  the 
heart,  it  passes  over  the  air-cctU  of  the  lungs,  and  is  there  exposed  to  the 
aerating  action  of  the  atmosphere.  From  the  interior  of  the  cells  the 
discs  receive  their  supply  of  oxygen,  the  jjlasma  surrendering  up  carbonic 
acid  and  tlie  vapor  of  water^  The  color  now  changes  back  from  the 
blue  to  the  scarlet.  In  litis  condition  it  returns  to  the  licurt,  to  be  dis- 
iributed  in  the  systemic  circidation  once  more. 

During  this  double  round  an  incessant  change  is  taking  place  in  the 
I^eii  obTiouii  constitution  of  tlic  blood:  it  is  undergoing  a  eonlinuons  met- 
imfc  iraporiant  aniorphosis.  In  some  respects,  as,,  for  instance,  in  color, 
-■h*nget  ^j^.^  ,^  obvious  enough.     But  the  invisible  changes  inlinile- 

ly  exceed  in  importance  and  amount  those  that  are  obvious  to  the  eye. 

All  the  soft  tissues,  since  they  arc  wasting  away,  require  repair.'^ 
This,  inasnmch  aa  it  is  accomplished  either  directly  or  indirectly  by  the 
nlbiinien  of  the  blood,  gi^-cs  rise  to  a  congtant  drain  of  that  substance. 
nnd  demands  a  constant  supply,  ivhicli  is  provided  by  nutrition  or  stom- 
ach digestion. 

The  cells,  which  constifiitc  the  other  chief  portions  of  the  blood,  are 
necessary  to  the  production  of  a  high  temperature,  by  eon- 
oxj-gan  by  ihe  stautly  twinsferring  oxygen  from  the  ocUs  of  the  lungs  to 
every  part  of  the  body :  carriers  of  oxygen  they  have  been 
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truly  called,  That  tKia  is  one  of  their  duties  liaa  been  proved  experi- 
mentally, for  a  solution  of  aHmraen  or  the  serum  has  but  little  power  ot" 
absorbing  oxygen,  scai-cdy  exceetUng  water  itself  in  that  respect,  but 
the  discs  rondense  it  at  once.  The  change  of  color  lliey  exlubit  as  tliey 
Eillernatcly  gnin  or  lose  tlint  element,  is  in  itaclf  a  proof  of  this  fact,  as 
is  also  the  action  of  serum  or  blood-discs  reapectively  on  a  mcaaured 
volume  of  air  contained  in  a  jar.  If  tlic  discs  be  iti  the  venous  or  pur- 
ple condition,  they  qaickly  absorb  oxygen  from  the  confined  air,  which 
therefore  at  once  diminisLcs  iti  amount,  but  the  aerutn,  or  a  solution  of 
albumen,  pi-odnccn  no  such  cfl'cct.  The  plasma  serves,  therefoi'c,  Ibr  the 
general  nutrition  of  tlie  system,  and  the  diecs,  by  tranfiferriiig  oxygen 
from  point  to  point,  discharge  that  part  of  their  duty  which  is  connect- 
ed with  the  production  of  heat. 

But  the  discs,  though  of  a  flattened  form,  are  truly  cells,  and  all  that 
obtains  in  the  case  of  cell  liti;  and  cell  action  obtains  for  -      -.      ^ 

"(.(in  lit 037  <\a. 

them.  They  have  not  a  duration  at  fill  comparable  to  the  raiwnof  Uao 
duration  of  the  system,  but  arc  constantly  coming  into  ex-  *"  "' 
istence  and  di^apjH^aritig.  Each  is  an  individual  having  it3  own  partic- 
ular history,  its  time  of  birth,  its  tinie;  of  maturity,  its  time  of  death, 
Elaeh  passes  through  a  series  of  incidents  proper  to  itself.  Originating 
as  bus  been  described,  they  grow  at  the  c\y>en8e  of  llic  plasma,  and  in 
this  regard  it  serves  for  their  nutrition  as  well  as  for  tiiat  of  the  body 
generally. 

On  exposing  blood-ccUa  to  oxygen  and  carbonic  acid  gases  alternately, 
tberc  18  not  only  a  change  in  their  shape,  which  becomes  corrugated  and 
alar-like,  but  also  in  their  chemical  constitution,  so  that,  after  such  an 
exposure  of  nine  or  ten  times,  they  are  entirely  destroyed.  Such  alter- 
nations occmring  in  the  pystein  doubtless  lead  to  the  same  result,  tliough 
more  slowly,  since  the  osygcn  is  presented  in  a  diluted  condition. 

The  corrugated  and  star-like  blood-cells  abound  in  the  blood  of  the 
portal,  though  not  in  that  of  the  hepatic  vein,     If  their  aspect 
arises  Horn  their  tendency  to  disintegration,  this  is  ho  more 

r>'(i.  ■'"'.  than  might  be  expected  in  view  of  the  fimo- 

tions  of  the  liver.     That  the  stellated  aspect 
is  an  indication  of  a  commencing  disorgaiiiza- 
^^  tioot  or  other  profound  change,  may  be  illus- 

*#         S®    .^"jijSu  tratedby  an  examination  of  the  action  of  wa- 
ter on  normal  btood-cells,  which,  if  they  be 
exposed  to  that  liquid,  undergo  a  distention  ; 
®        their  thickness  increasing  more  rapidly  than 
*     *»    ^         their  diameter,  they  lose  their  concavity,  >»e- 
come  convex,  and  at  last  appear  rs  spheres 
'"^'^"'^ti^''^*^'^"^^     of  a  less  8iac  than  the  original  discs.     When 
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tlic  qnfliitity  of  water  they  have  received  has  distended  theni  (o  their  ut- 
most capacitT.',  lltey  then  are  m^'isiblc;  but  when  it  is  withdrawn  from 
them  hy  establishing  exosnioais  through  the  addition  of  saline  sub- 
stances, they  ntay  reappear  in  the  corrugated  or  star  shape,  as  seen  in 
the  photograph,  J^i^,  60. 

With  respect  to  the  action  of  the  ha^matin,  it  may  be  observed,  that 

.  ..  other  uilrogenizcd  coloring  materials  present  a  similar  rela- 
u'miliiiMrRLi!<l  tion  to  oxygen.  As  an  example,  indigo  may  be  mentioned. 
i,y  inUigij.  J  consider  That  the  properticfl  of  this  substance  illustrate  in 
a  significant  manner  the  properties  of  lio-niatin  in  the  system.  Indi^^o 
occurs  in  the  leaves  of  the  plant  which  yields  it  in  a  yellow  and  soluble 
state.  It  is  easily  extracted  from  them  by  maceration  in  water.  Kx- 
jwsed  to  the  iair,  it  absorbs  oxygen,  becomes  insoluble,  and  siraukane- 
ously  gains  a  deep  blue  lint.  So  lightly  is  the  oxygen  thus  united  to 
itf  that  by  exposure  to  I'ery  feeble  agents  it  surrenders  it  up,  antJ  repasses 
into  the  yellow  and  soluble  condition.  Once  more  exposed  to  the  air. 
it  turns  blue,  and  once  more  may  have  that  color  removed  from  it  hy  talk- 
ing its  oxygen  away.  For  many  times  in  succession  its  tint  may  bi- 
thus  changed,  and  made  yellow  or  Uuc  nt  pleasure. 

From  this  we  perceive  in  what  a  loose  manner  oxygen  is  held  by  sucli 
a  coloring  material ;  how  readily  it  surrenders  it,  and  how  readily  it  re- 
cdvers  it.  Such  a  union  can  scarcely  be  cjillcd  an  oxidation  or  a  com- 
bination ;  it  is  rather  an  association. 

Ail  this  is  precisely  what  occurs  in  the  case  of  hicmatin.  It  takes  xiy 
.  .  oxygen  with  rapidity  as  it  goes  over  the  cells  of  the  lungs. 
oivKPi.  and  and  tums  scarlct ;  it  surrenders  tliat  oxygen  with  equal  I'a- 
Itammtin.  ciHly  as  it  passes  the  systemic  capillaries,  and  turns  blue. 

This  cliangc  of  color  is  incessantly  taking  place ;  it  is  now  red,  pnd  now 
blue,  as  the  cells  arc  passing  in  the  greater  and  the  less  circulation. 

Formerly  it  was  supposed  that,  in  the  act  of  respiration,  oxygen  from 
Recej^tioo  and  the  air  united  with  carbon  of  the  blood  or  of  the  cells,  and 
Irr"o''«<*!"irtrivv  carbonic  acid  formed,  a  comhiuation  or  perfect  osudation 
ihe  i.io«i-ecii«.  taking  ptaoe  in  the  lung.  But,  if  this  were  true,  the  tcm- 
|>erature  of  those  organs  should  be  higlicr  than  that  of  tlic  rest  of  the 
body,  and  this  is  by  all  admitted  not  to  be  the  case. 

Tlie  cclla  are  therefore  carriers  of  oxj'gen.  They  receive  tliat  virify- 
lUg  priiicipI'C  as  they  move  over  the  respiratory  cells,  and,  freighted  with 
it,  pass  to  all  parts  of  the  body,  not  united  with  it,  nOf  disorganized,  nor 
burnt  up  by  it,  but  holding  it  loosely,  and  ready  to  give  it  up  and  go 
back  again  for  a  frcfili  £up[>ly. 

The  sac  containing  the  htematin  offers  no  kind  of  rcslstiuicc  to  these 
exchanges.  It  will  be  fully  demonstrated  in  the  chapter  on  respiration 
that  this  is  the  CRfic.     Thick  pieces  of  India-rubber,  stout  animal  mem- 
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liranes,  or  even  masses  of  etucco,  present  no  obstacle  to  the  passage  of 
gases.  The  (leiiiyite  wall  of  tlieso  celH  *  tissue  of  almost  iiicDiiueivuIjlr 
tenuity,  «m  offer  no  resistance.  The  gas  passes  in  and  out  without  im- 
pediment or  restraint. 

But  tliongli  in  this  manner  these  little  organisms  perform  their  dntv, 
it  is  Only  for  a  timo.  They  may  take  oxygen  from  the  air-  ^^  ^^^  ^^ 
cells  au'l  give  it  up  in  the  system,  and  do  this  jjcrliaps  many  itie  runciion  o* 
thousand  times,  but  it  cornea  to  an  end  at  last  The  inces-  ^^'*°^'^'^  *• 
sant  motion  stop?.  «iid  the  worn  and  cshau&Ied  disc  is  brought  to  its  lenn. 
Uy  degrees,  aa  old  age  steals  over  it,  it  becomes  cormg'atcJ  and  relaxed, 
pia  unable  to  witlistand  chemical  reagents,  as  its  younger  comrades  am 
do.  Tlirougli  the  mierosoopc  it  seems  jiuckercd  and  attenuated.  The 
red  color  of  its  interior  deteriorates  into  a  tawny  tint.  As  with  a  leaf  in 
the  autumn,  the  natural  color  of  which  disappears,  and  yelloimess  or 
otJaer  change  precwles  ila  fall,  bo  with  the  dying  diac.  Unable  any 
longer  to  discliarge  its  duties,  its  esJetencc  is  brought  to  a  close,  the  de- 
cayetl  ha^matin  is  shed  out  to  give  a  transient  tawny  tint  to  the  plasma, 
but  is  presently  strained  off  as  one  of  the  constituents  of  bile  by  the  liver. 
Nor  is  lite  illui^tration  hei'e  used  wholly  metaphorical,  for,  in  the  case  of 
berbivoroua  animals,  Berzeliuij  Iuls  shown  that  the  coloring  matter  of  their 
bile  is  identical  with  cldoropbyll,  the  coloring  matter  of  leaves. 


CHAPTER  VUL 


OF  THE  CIRCULATION  OF  THE  BLOOD. 

The  Iltnrl  a»  a  Mvcfmt. — Inaihipiaiy  v/  Harve/g  ibtetrine  of  the  Grenlalion. — P/ij/mal  /Vfs- 
c^ft  i»ftlte  CiiiyiliittQB  I  a/ifiJifti  f'n  the  ptwe  q/'  a  NnrieiUed  Cflf,  Prrn'ov  Titmr,  Motion  of 
•Sap  and  of  B/ooiL  —  Deftmiieace  of  the  dntiintian  on  ICr/jHrtrCivn .  — Foriim  of  C'irctilation : 
Sj/xirtm.-,  I'li/mtmtirg,  I'ortal. — Lkgrriptioii  of  (Fie  Henri :  ita  Maraiieati. —  Tfitir  four,  Nvm- 
her,  and  Valur. — Smttda  of  tht  Ilrart. — Corur  of  tin  CoiilractioHs. — Df^triptiua  of  (Atf  .-Irfc- 
rvM,  Orfuliftrirs,  VeiaJ<. — Explatiulion  <tf  the  VueaUttion  of  ihe  Blood, — Fuels  supfyorling  it.— 
The  J-'inC  Brtuih. 

No  ftmction  of  the  animal  mechanism  illustrates  more  strikingly  the 
doctrine  that  we  must  rely  on  physical  agents  for  physiological  explana- 
tions than  that  which  we  have  now  to  consider,  the  circulation  of  the 
blood. 

We  surrender  some  of  the  most  beautiful  recollecttona  of  classical 
mythology,  and  some  of  the  most  cherished  popular  illusions  thi-  heuri  u 
of  our  own  times.     The  heart,  which  in  the  higher  classes  of  ""^  ent-ine- 
life  is  the  central  organ  of  impulse  of  the  circulation,  is  to  be  degraded 
into  a  mere  engine.     We  have  to  speak  of  its  valves,  its  cords,  its  pipes. 
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We  have  to  consider  its  esliausting  and  its  forcing  action — to  deal  with 
it  just  as  we  bIiooIcI  deal  with  any  hydraulic  apparatus.  In  the  old 
times  tliis  organ  was  looked  upon  aa  the  seat  of  tlie  thoughts  atitl  the 
imsaioiis  ;  it  was  the  centre  ofall  good  and  evil,  pnrity  and  uncld&nncss, 
devotiou  and  love.  In  the  modem  system  the  brain  has  Succeeded  to 
the  fiinctionB  which  were  once,  irajiuted  to  it. 

The  heart,  then,  is  no  longer  an  altar  on  which  flames  are  burning,  no 
longer  the  seat  of  tlie  passions  and  the  scarce  of  love.  It  is  a  inacliuie. 
but  what  kind  of  a  machirtc?  How  grpat  is  the  admiration  we  may  ex- 
press at  its  exquisite  construction  I  This  little  organ  con  execute  three 
tliousand  millions  of  beats  without  a  stop !  In  the  course  of  a  life,  such 
as  we  sometimea  meet  witli,  it  has  propt-lled  half  a  million  tons  of  blood, 
.ind,  though  moTnctitarily  wasting,  has  repaired  its  ouii  waste  all  the  time. 
The  mathematical  rhythm  of  its  four  moving  cavities,  the  perfect  closure 
of  its  mitral  and  Henillunar  valves,  and  the  regurgitating  play  of  its  tri- 
cuspid, have  never  failed  it.  To  the  eye  of  the  intellect  there  is  nothing 
lost  in  transferring  it  from  the  regions  of  metaphor  and  speculation  to 
tlie  domain  of  physical  science. 

The  doctruie  of  the  circulation  of  the  blood  was  first  propounded  bv 
Ilarvoy'B  tloc-  Dr.  Hahvkv  about  two  hundred  yeara  ago.  It  ori^nsted 
jrineicfiiip^ir-  J  jj  discovcrincr  of  the  valves  of  the  veins  by  Fabriciiis  ab 
i'\wi  Aquflprmdentc.     After  many  years  of  discu&sion,  it  was  re- 

luctantly received  by  the  medical  profession. 

In  tliia  doctrine  the  circulation  is  referred  to  causes  that  are  purely 
mechanical,  in  the  slrictcRt  acceptation  of  that  Icmi,  The  contraction 
of  the  walla  of  the  lieart  projKfls  the  blood  through  the  arterial  tnbeis. 
and  even  through  the  veJns,  the  direction  of  its  movement  being  insured 
by  a  proper  arrangement  of  valves. 

But  when  comparative  anatomy  and  physiological  botany  were  moir 
lu  imperfcc  extenBively  cultivated,  it  w&s  seen  that  this  doctrine  U  insnf- 
*^'-  ficient,  for  the  unity  qf  nature  forbids  us  to  believe  (hat  nu- 

tritious juices  are  circulated  in  different  tribes  of  life  by  diiFt;rent  forces. 
And  though  it  may  be  that  the  contractions  of  that  central  imiielling 
mecliauism  regulate  tlie  circuliition  in  those  organisms  which  have  a  heart, 
what  is  to  be  made  of  those  countless  numbers  whidi  have  none?  In 
this  group  we  tind  the  whole  vegetable  creation,  and  a  majority  of  the 
animal. 

There  is  a  physical  ptinciple  which  has  long  appeared!  to  me  sufficient. 
Physkil  priiv-  Its  use  ui  an  explanation  of  the  motion  of  nutritive  mn»  in 
hi'ti^e^ca "iilln'  orgapizcd  systeros  of  every  class  I  bav©  taught  in  ibfiit^ni- 
■  ircuktion.  '  versity  for  many  years.  It  possesses  the  advanffige  of  gru- 
erality,  since  it  is  applicable  in  every  case,  from  the  ctfClHation  taking 
place  in  a  closed  cell  up  to  that  of  mac  r  ''*^\. 
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In  Chapter  TI.  is  a  general  statement  of  tlie  phenomena  and  laws  of 
eapillary  at.tTactiou :  tUe  principle  now  to  lie  employed  is  closely  connect- 
ed therewitli.      It  may  be  stated  as  t'oUows: 

If  two  liquids  coramunicate  with  one  arotlicr  in  a  capillary  tube,  for 
the  substance  of  wliich  tliey  have  aftiniti^s  ofdifteri?nt  intensities^  move- 
ment will  ensue:  llic  liquid  having  the  Iiighcst  affinity  will  occupy  llie 
tube,  and  may  even  drive  tlie  otJier  before  it.  Tlie  same  etfect  will  en- 
sue in  ft  porous  structure. 

i-'ig-  w.  Thu3,  let  /',  i,  J''if/.  ol,  be  a  capillary  tube 

I'^wiM^Mi^^Mg^^Mp^P  of  any  kind,  which  is  occupied  conjointly  by 
M-niLinin  .f.|diurTUib.v  (^vo  liqujds,  «  Hud  r,  meeting  each  other  in 

its  middle,  c;  a  having  a  high  and  v  but  little  affinity  for  the  substance 
of  which  the  tube  consists,  n  will  occupy  the  tube,  pressing  out  v  before 
it  Of  course,  it  is  to  be  understood  that  tlie  liquida  a  and  v  respect- 
ively communicate  with  reaervoira  liiat  cjin  furnish  them  a  necessary 
supply. 

The  various  phenomena  described  under  the  designation  of  endoamo- 
sis  are  experim&iital  iUustrations  of  Ihc  same  kind.  Thus,  ^  1;^,^  ,„  ,1,^ 
when  water  is  put  on  one  side  of  a  piece  of  bladder,  and  al-  t'^i-l.tniitifln  nt 
cohol  on  the  other,  the  water,  havhig  the  highest  affinity  for  ™  °s">°*'*- 
tlie  substance  of  wliicli  the  bladder  consists,  occupies  the  pores  thereof, 
and  cxjiels  the  alcohol.  Nor  would  any  of  the  latter  substance  liud  it3 
way  in  the  opposite  direction,  back  into  the  water,  were  it  not  so  soluble 
or  diffusible  in  that  liquid.  Exosmosis  therefore  takes  placp  through 
the  water,  and  constitutes  a  very  siibordiualc  or  feeble  current. 

Now  it  is  precisely  relations  of  this  hind  that  are  observed  in  the  case 
of  the  circulating  and  nutritive  juices  of  all  organic  Ixiings. 

The  simplest  instance  is  preecntcd  by  the  fluid  contents  of  certain  nu- 
cleated cellsv  IwIJi  among  animals  and  plants,  in  wliieh  a  cur-  p.  ,  t|  _  • 
rent  moves  toward,  and  then  from,  the  nucIeuB,  coming  back  undcsttii 
in  a  relitming  pth.  The  fluid  whicli  the  cell  containgi  yields  "'*  "' 
to  the  nucleus,  in  which  Heems  to  be  concentrated  all  the  activity  of  the 
ism,  the  nutritive  material  it  requires,  and,  this  done,  pusses  on  to 
'  make  way  for  olher  portions.  The  act  of  nutrition,  therefore,  is  followed 
hj  motion,  and  this  upon  the  above  simple  principle;  for  the  liquid,  be- 
ibre  it  approaches  to  the  nucleus,  is  charged  with  material  which  the  mi- 
deua  can  attract ;  liut  immediately  after  contact  has  taken  place,  and  the 
material  lias  lieen  i*cmoved,  the  liquid  malrLtalns  no  longer  any  relation  witli 
the  nucleus,  the  affinity  or  Rttracliou  is  satisfied,  and,  so  lo  speak,  it  loses 
its  hold  thereupon,  and  is  pressed  off  by  ne'w-coTiiing  portions,  Dctbre  its 
approach,  nnd  after  lie  departure,  the  liquid  has  opposite  relations  I0  tin- 
nacleus.  and  in  this  respect  may  be  regarded  as  representing  two  liquids, 
tlie  one  having  a  iiigh  affinity,  and  the  other  none,  for  the  nucleus.     The 


132 


CIRCULATIOX    IX  CELLS. 


Piu-i-i. 


ClrnubitlMi  ku  v^nUble  Dt-lln. 


*^ 


CiTciiUljiiu  111  T^Jm**"!!* 


"J^  ^'''  circulation  in  vegetaljle  cells  is  shown  by  lie  di- 

rection of  the  arrows  in  J^'it/.  52.  Tiie  course  taken 
by  the  current  iimy  he  dctcrniincd  under  tJie  mi- 
L'Toacopo  by  tUc  minute  Hoflting.  or,  nither,  dhl^Lng 
^ncles.     It  is  1o  and  then  from  the  nucleus. 

I^i'ff.  5Z  represents  one  of 
lliC  jointer!  ]iairs  from  the 
Tradeacantia  Virgiuitm.  The 
CTigravinj^'  is  from  the  vu-w 
given  by  Mr.  .Slack,  correct- 
icd,  however,  by  the  aid  of  a 
photograph  of  a  similar  ob- 
ject, ff,  fi,  c,  il  arc  the  suc- 
cessive cells  of  the  hair.  The 
fiotted  lines  show  the  direction  of  riic  current  to 
and  from  the  nucleus. 

The  jniue  whiuli  is  almut  to  nourish  a  part  has 
cireiJnaun  ^^"^  *^'^''  P"'"''  ^  ™rtain  affinity,  but,  with  the  ncconiphahmcnt 
throuRli  per-  of  tliat  nutrtlion,  the  affinity  is  at  once  lost.  Thus,  for  jii- 
iioiu|>Ar  .  atanec,  in  the  systemic  circidation,  the  partB  to  be  nourished 
have  a  certain  affinity  for  ihc  aricrijil  blood;  they  take  from  it  whatever] 
ihfii'  pnTi^oses  require,  and,  that  done,  tho  rektifm  at  onee  ceases;  the 
bluod,  become  venous,  has  lost  its  hold  ui>oii  Ihein,  and  ia  jjreaaed  off. 
We  nijiy  conveniently  describe  this  effect  as  a  prcsaure  of  the  unchanged 
upon  the  changed  liquid. 

The  motions  of  the  sap  in  plants  are  clearly  dependent  on  this  prin- 
Kx|.i9fl»iiiin<.f  ciple.  Leaving  out  of  consideration  the  minor  movements 
l«rit  of  the  <«p  '''''''^'^  ^^^^  place  for  special  purposes^  or  at  specitic  epochs 
*f  tiUoii,  in  the  development,  it  may  be  truly  said  that  the  nutritive 

changea  occurring  in  the  leaf  are  the  primary  cause  of  the  motion;  for,  as 
the  ascending  sap  presents  itself  on  the  sky  face  of  the  leaf,  it  receives 
carbon,  under  the  influence  of  the  sunlight,  from  the  air,  and  becomes  con^ 
verted  into  a  gummy,  glutinous  bquid.  And  just  as  in  the  pores  of  a 
bladder,  or  in  those  of  any  pervioiia  mineral,  pure  water  iivill  drive  out 
guni-watcr,  and  occupy  the  jwre,  so  will  the  ascending  sap  expel  the 
gummy  solution  from  the  capillary  tubes  or  intercellular  spaces  of  the 
leaf.  Ag  fast  as  this  tJtkcs  place,  the  active  liquid  becomes  inactive,  by 
itself  cliauging  into  a  gummy  solution,  and  the  movement  is  perpetuated. 
And  this  ensues  not  only  in  the  l&a£,  hut  in  every  part  of  the  plant :  the 
liquid  to  be  changed  presses  upon  that  which  has  changed,  and  forces 
it  onward.  In  this  manner,  motions  in  various  part*  and  of  very  great 
intricacy  will  eosae,  but  all  of  them,  if  duly  considered,  no  matter 
whether  their  seat  be  in  the  root  pr  in  the  bark,  in  the  flowers  or  in  tlie 
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leaves,  no  matter  whether  they  take  place  in  the  heiglit  of  summer  or 
Just  at  the  close  of  winter,  when  the  sap  first  rises,  or  even  in  the  germ- 
innting  seed  which  is  under  the  gi'ound,  and  has  never  yet  "been  exposed 
to  the  light,  may,  wilhijut  diffictilty,  be  referrcJ  to  the  nulntivo  cliange 
carried  on  in  tl  e  leaves  of  the  plant  under  examination,  or  Us  parent,  by 
the  influence  of  tlje  rays  of  the  sun. 

All  this  holds  good,  not  only  in  the  nutrition  of  a  cell,  tho  more  com- 
plicated nutrition  of  the  various  parts  of  a  flowering  plant,  or  ExpldnaLiun  it 
even  of  an  animal,  but  likewise  in  those  destrmcttve  changes  rir^XTiorrf 
restricted  to  the  latter  clas.s  tind  arising  in  interstitial  decay  ;  nnlnmla. 
for  the  blood  has  a  double  duty  to  perform :  it  not  only  scrvca  for  nutri- 
tion, but  also  tor  the  removal  of  eflt^le  and  dying  parts.  These  it  cft'ects 
the  Oxidation  of,  their  carbon  passing  into  carbonic  acid,  their  hydrogen 
into  water ;  and  tliia  is  accompiishcd  by  the  oxygen  whleh  lias  been  oT> 
tained  in  the  procei^s  of  rcsjiiration.  The  scarlet  or  arterial  blood,  charged 
witii  its  oxygen,  passes  to  all  parts  of  the  economy  In  search  of  organic 
particles  ready  to  he  removed ;  it  effects  their  disorganization,  and,  becom- 
ing ibcrchy  venous,  is  pressed  onward.  Anil  now.  if  we  recall  that  nu- 
tririon  in  animals  depends  on  the  access  of  air — eventibrin  can  nnt  arise 
from  albumen  except  under  that  condition — we  can  not  a%'oid  tJie  con- 
clusion that  all  operations  of  repair  and  all  operations  of  waste  are  made 
to  conspire  together  for  thi*  production  of  movement;  and  tlioiigh  every 
part  oilers  its  own  sjweial  cause,  aa  deijending  on  nutrition,  or  ttisente- 
gralion,  or  secretion,  they  may  be  all  grouped  together  as  the  necesaaiy 
results  of  one  more  primitive  operation,  whicli  is  tiie  supply  of  oxygen 
to  the  blood  in  the  respiratory  raeclianisu]. 

In  my  view  of  tills  subject,  it  is  therefore  the  arterialization  of  the 
blood  in  the  lunira  which  is  the  eansc  of  the  circulation  in  „  ,  - 
niao.  I  consider  tlie  circulation  as  the  consequence  of  rea-  cirminiLtiii  in 
pitation;  and  though,  in  one  sense,  the  minor  causes  are  *"'^''"^  ""'■ 
numerous,  eaclt  portion  of  nervous  material,  each  nmscular  fibre,  every 
secreling  cell  working  its  own  way,  these  subordinate  actions  are  all 
referable  to  one  primordial  act,  and  that  is  the  exposure  of  the  blood  to 
the  air. 

Whatever,  therefore,  interferes  with  Tespiration,  interferes  with  circula- 
rion.  If  an  irrespirablc  gaa  is  thrown  into  the  cells  of  the  lungs,  tlie 
passage  of  the  blood  is  inatantly  arrested,  and  asphyxia  ensues.  Or,  if 
the  access  of  tlie  air  Is  cut  off,  as  in  drowning,  in  vain  the  heart  exerts 
il«  utmost  convulsive  throb — it  is  unable  to  drive  forward  the  c*-*  or  res- 
blood:  and  in  tliose  cases,  by  no  means  infrequent,  yet  un-  j'^.^Hij^JL"™ 
doubledly  the  most  surprising  occurring  in  the  practice  of  drowning, 
medicine — restoration  from  death  after  drowning,  the  whole  success  turns 
on  one  condition,  the  re-establiahmcnt  ofthe  arterialization  of  the  blood. 
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[f  that  Iw  accomplialied,  llie  circulation  is  restored,  and  tlie  heart  pro- 
coeds  with  its  duty.  And  for  these  rMsons^  I  "believe  that  in  many  cases 
success  wouUl  be  liiid,  whore  failures  arc  now  cxitcricuced,  if,  iust«aJ  of 
resorting  to  atnioaplierjc  air,  pure  oxygeii  gaa  or  protoxide  of  jjilrogeu 
were.  adniiiiLstered, 

In  the  mure  lilghly-developcil  organisms  the  o-bjects  of  the  circubilion 
are  thrwtbld  :  1st,  To  minister  to  the  nutrition  of  the  system :  2d.  Tu 
ijitrcKluce  ox}gen  ;  3d.  Tt»  remove  the  jiroduct?  of  wapte.  In  man,  tiicsc 
various  reauJta  are  accomplished  by  st^veral  difToi'pnt  llTmng;eraellti^ :  lat, 
ij.  The  greater,  or  aystcmic  circulation  ;  2d.  The  Joss,  or  pulmo- 

I'lH-iauBor  narj'^  cirtuhition;  3d.  Tlio  poHiJ  CirciilattOn ;  4[b.  The  Jlalpi- 
drcutation.  ghiancirciUatioii,&c. 

The  course  taken  by  tiie  blood  is  as  follow?.  Leaving  the  left  ventri- 
CuuisD  uf  Lfi.^  cle  of  the  hi'-art,  it  passes  into  the  aorta,  and  is  distrihutetl 
ijlixHiiuit^sys-  iiy  the  ramifications  lliereof,  constituting  the  syatemic  arte- 
moiilrj- einu-  ^''•^'■'''  *o  "■"  parts  of  the  syatem.  It  tnoi'cs  onward  tlirough 
ktioai.  tiic  eupillariea,  which  may  at  once  lie  considered  as  the  term- 

inal ramifications  of  the  arteries  and  the  commencing  tuMets  of  the 
veina.  These,  convci^ng  into  larger  and  larger  venous  trunks,  the  sy*- 
teiiile  veins,  dultvor  It  into  the  ascenJbig-  and  dcjcenditig  vena-  cavaj,  from 
which  It  flow&  into  the  right  auricle,  amlfrom  tltence  into  the  right  veu- 
triclc  of  the  heart.  From  thence  it  is  driven  into  the  pulmonitry  artery, 
to  be  distributed  to  the  lungs,  aiid,  coming  iheretroni  along  the  puimo- 
tiary  veiiiSf  reacliea  the  left  auricle,  and  from  tlience  it  gains  the  loft  ven- 
tricle, which  W!t3  its  starting-point. 

In  the  pulmonoiy  veins,  the  left  canties  of  the  heart,  and  in  the  8j-»- 
r.- ._!,  .■  *  lemic  arteries,  the  blood  ist  crimson.  In  the  svs.tetnic  veins, 
mini wn  n rid  of  the  right  cavities  of  llic  heart,  and  pttltnouafj"  artery  and  ila 
""  '  °"  ■  branches,  it  is  blue.  Tiic  change  from  crimson  to  blue  lakes 
place  in  the  systemic  capUlaries.  and  from  bbie  to  crimson  in  the  pulmtnl 
nary.  The  systemic,  or  greater  circulation,  is  considered  as  beginniBg 
at  the  left  ventricle  and  ending  at  the  right  auricle ;  the  pidmonary.  or 
less  circulation,  begins  at  the  right  ventricle  and  ends  at  the  left  auri- 
cle. This  double  course  is  sometimes,  among  authors,  illustrated  by 
likening  it  to  the  figure  8,  the  uppCJr  loop  representing  the  pulmonary, 
the  lower  tlie  systemic  circulation,  and  the  heart  placed  at  the  nodal  point. 

As  has  just  been  remarked,  there  are  other  subordinate  circulations. 
TheponsI  but  of  these  only  one  need  attract  our  attention  at  present — it 
liri'uiAtioEi.  jg  ti,g  portaL  This  originates  in  a  system  ol'  capillaries,  the 
veins  belonging  to  the  digestive  apparatus,  which,  converging  rapidly  to- 
gether, form  a  common  trunk,  the  portal  vein.  This  at  once  ramifiea 
like  an  artcrj' in  the  suhatance  of  the  liver.  From  tlie  resulting  capiUa- 
riea,  the  jwrtal  blooil  paaaes  into  the  commencing  capillaries  of  the  hejiat- 
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ic  veins,  wliich  empty  into  tlie  inferior  vena  cava,  and  so  it  roaclios 
the  general  eirculatjon.  The  pli^alcal  peciiliiirity  of  the  jaortal  cir- 
culation is,  l!iat  it  commences  in  a  cjiplkr^-  sj-sttm,  arid  ends  in  one, 
widiuut  the  intervention  of  anj  ceiitml  organ  of  impulse,  or  heart.  At  ii 
vary  early  period,  comparative  aiuiIomiHta  were  struck  with  rortal  drcuk- 
the  analogy  between  the  iwrtal  circulation  in  man  and  the  |,'^"jh"t'„^rB'"' 
systemic  circulation  of  HshcB,  both  Lcing  carried  on  in  the  ilsii. 
same  way,  that  is,  without  a  heart,.  In  fishes,  the  heart  ia  a  hranehial. 
reapirator\%  or  piJmonnry  one.  Their  syRtenuc  circiilation.  or  circula- 
tion of  crimson  blood,  commencea  in  the  cttpillarica  ol*  the  reapiratoi^' ap- 
paratus, the  gills ;  a  conve^nce  takes  place  into  an  aorta,  which  ramifies 
into  systpinic  capillari<^ss.  So  the  great  circulation  in  these  tnWs  is  uc- 
complLshed  without  any  heart.  It  is  scarcely  uccessary  to  point  out  the 
bearing  of  such  a  fact  on  the  theories  of  the  movement  of  the  blood. 
,  Fiij.  T4.  Jn  ^iff'  ^  is  a  didgram  of  the  cirt'ulation  of  a  (ieh  ;  fl. 

ia  the  auricle;  6,  the  ventricle ;  c,  the  brandiial  or  pijmo- 
iiory  arttry;  c,  c,  the  branchial  or  pulmnnary  veiiLS,  bring- 
ing blood  from  ify  tlie  branchise,  and  converging  directly  to 
f,  the  aorta,  which  difitributes  the  i^ystemic  blooil.  This 
is  collected  into  a  vena  cava,  g,  and  so  brought  to  the  au- 
ricle, a.     There  is  therefore  no  systemic  heart. 

The  farther  djaciission  of  this  subject  will  1)0  continues! 
a.^^  follows :  We  ^^hall  Jeycribe,  1st,  the  construction  and 
at'lion  of  the  Jieart ;  2d,  of  tho  arteries ;  3d,  of  the  capil- 
laries ;  4th,  of  the  veins.  Wc  shall  then  present  a  ^dcw 
of  ilie  combined  result  of  ihewc  various  incclmnisma. 

1st,  The  Heart.  The  ftrat  appearance  of  the  heart  ia  as 
a  cavity  arising  in  a  collection  of  cella,  by  deli- 
quescence or  ^epatalion  of  the  central  ones.  At 
tills  early  |>eriod,  and  even  before  the  canity  has  fairly  formed,  pulsation 
inay  be  observed.      The  orgiin  soon  asstumes  a  tiibular  form ;  and  this, 

becoming  ciined,  as  shown  in  J^iy. 
55,  (UftcrentiHtcs  into  three  compart- 
ments, with  arterial  and  venous  con- 
nections; 1,  the  venous  trunks;  2, 
tlie  auricle ;  3,  the  ventricle ;  4,  the 
bullfua  arteriosus.  The  form  to  bi.' 
eventually  assumed  ia  foreshadowed  in.  the  manner  in  which  the  curved 
tube  develops,  the  arch  of  tlie  curve,  2,  bulging  ao  as  to  form  a  conical 
ventricle.  This  tri-chnml»ered  hwirt  remains  permanent  in  fiahes,  as  &eeii 
in  tlie  preceding  figure  (54),  of  which  t' is  the  third  chamber.  But  iiibiidj^ 
and  mummatst  the  aortic  bulb  merges  into  the  ventricle,  tlirough  which^ 
as  well  as  throngli  the  auricle,  a  septum  or  partition  is  established,  and 
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srnrcTtnEi  op  thb  heart. 


f'p-  "■  ihus  a  dcii;ble  lieort,  or  one  of  four  clxam- 

bera,  arisiis. 

The  diagram,  J^fff.  56,  rqin-scnts  ti 
(toubie-riiamboreitl  heart,  d  lieiiig  its  aori- 
i^le,  e  the  ventride,  c,  <",  the  leiiis  converg- 
ing to  the  auricle,  a  the  aorta  or  main  arte- 
ry passing  from  the  vertriele-  The  coiltsc 
of  the  blood  is  indicated  "by  the  arrows. 

The  heart  with  fniir  eavilles  may  be 
eoneidered  tis  arising  from  the  coiijunclion 
ol'  a  pair  of  the  preceding  fomi,  wilh  iheir 
etlerent  nnd  aflereiit  tuhcSj  or  nrt cries 
and  veins,  bo  modified  or  arrange*!  tliat 
the  nght  heart  receives  its  hlood  from  the 
system  in  an  nuricle,  from  wliich  it  passes  into  a  ventricle,  and  thence  to 
^i<-  ■•''■  the  lungs.     From  the  Jungs,  after  aeration, 

thia  blood  la  hrnught  to  the  auricle  of  the 
left  lieart,  tlicuce  into  its  ventricle,  and 
tlienec  to  the  aoi'la.  Though  all  four  cham- 
hern  are  generally  eoiileaeetl  into  one  conio- 
al  form,  the  hca,rt  of  the  dugong, /7jf.  .57, 
presents  the  tnie  ty^iieal  Htmclnre ;  E  is 
the  right  or  puhnonnry  ventricle,  L  the  left 
or  syptemic  venlriele,  their  apices  being 
cpiite  apart ;  D  ts  the  right  or  sytilernie  au- 
ricle, F  the  pulmonary  artery,  K  tiic  left  or 
ii.'.ri.^riiio.iiigiing.  puhnonarj-  auricle,  and  A  llic  aorla^ 

/7(/.  ifJS  is  the  anstomy  of  the  human  heart  ii^  viewed  upon  the  right 

side,  the  ligure  and  description  being 
from  Dr.  E,  Wilson.  1,  the  cavity  of 
the  right  auricle ;  '2,  the  apjiendi^  au- 
ricula; 3,  the  gu]>erjor  vena  cava, 
opening  into  the  upper  p;u-t  of  Che 
right  auricle;  4,  inferior  vena  cava: 
5,  the  fo^sa  ovaUa;  the  prominent 
ridge  surrounding  it  is  the  annulus 
ovalis;  G,  tlic  Eustachian  valve;  7,  the 
lo  ojiening  of  the  coronary  vein;  H,  the 
coronary  valves  3,  the  entrance  of  the 
liurlcuio- ventricular  opening;  .^i,  the 
right  ventricle ;  h,  c,  the  cavity  of  tlir 
HMrnnTi  t«rt  nil  tiio  rijftit  dde.  right  ventrielc,  on  the  walla  of  which 

I  he  columiiH.'  canieie  are  seen ;  c  is  placed  In  ifie  channel  leading  upward 
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to  the  pulmonary  arter}',  d ;  e,  /,  the  tricuspid  valve :  e  is  placed  on  tbi? 
anterior  cuilain,  nn^f  on  the  right  curtaui ;  y,  the  long  colunina  camea. 
to  the  apes  oi'  wliiuh  the  anterior  anvl  right  curtains  of  the  tricuspid 
valve  are  connected  by  the  cliordat  tendineiE ;  /;,  the  long  uioderator 
band;  i,  the  two  coluninaj  camese  of  the  right  curtain;  k^  the  attach- 
ment liy  cliordai  temlinetr  of  the  left  lirub  of  tliR  anterior  curtam :  l^  I, 
chorda*  tendinea'  of  the  fixed  curtain  of  the  valve ;  m,  the  valve  of  thf 
pnlnionary  artery:  the  letter  of  reference  is  placed  on  the  inferior  soini- 
hinar  si^^ent ;  n,  the  apex  of  tlie  right  appendix  auricula.' ;  o,  the  left 
ventricle;  _p,  tlie  ascending  aorta;  ^y  its  arcli,  with  the  three  arterial 
trunks  which  arise  from  the  arcU ;  r,  the  desceniling  aorta. 

J^iff.  5U  exhibits  the  view  of  the  organ  on  its  left  side.     Like  the  pre- 
f(.,_  rfl.  ee<hng,  the  figure  and  description 

are  from  Dr.  ^V^ilson.  1,  cavitj" 
of  the  left  auricle:  the  number 
is  phioed  on  tiiat  portion  of  thf 
i^cptiini  auricidarutu  correspond- 
ing with  the  centre  of  the  fossji 
ovalis;  2,  cavity  of  the  appendix 
juirieulai ;  'A.  Djjcning  uf  the  two 
right  pulrnonnry  veins ;  4,  the 
sinua  into  wliicii  the  left  pulmo- 
nary veins  Open ;  5,  the  left  pul- 
monary veins ;  G,  the  aurioulo- 
ventricular  opening;  7,  the  coro- 
nary vein,  lying  in  the  auriculo-ventricular  groove :  8,  the  left  ventricle : 
9,  9,  the  cavity  of  the  left  ventricle.  The  uumhera  rest  ou  the  eeptmn 
ventriculorum.  (Z^  the  mitral  valve:  its  tlapa  are  connecteil  by  cliordn' 
tendincic  to  6,  b,  b,  the  columns  cariiea- ;  c,  c,  tlsed  columnar  carnea-,  form- 
ing part  of  the  internal  surface  of  the  -Ncntricle ;  d,  the  arch  of  the  aorta, 
■from  the  eiinimit  of  whjci;  the  three  arterial  trunks  of  the  head  and  up- 
per oxtromitics  arc  seen  arising;  e,  the  pulmonary  artery ;  f,  the  oblit- 
erated ductus  arteriosus  ;  ff,  the  left  pulmonary  artery ;  A,  the  right  ven- 
tricle; ^  tlie  point  of  the  appendix  of  tlie  right  auricle. 

Externally,  tlie  heart  is  covered  by  a  serous  meriibraue,.  pericardium. 
ji^y,,  nn,  and  in  its  interior  h  sheathed  by  the 

endocardium,  an  extension  of  the  inte- 
rior coat  of  the  great  blood -vessels. 
Tliough  its  movementa  are  wholly  in- 
voluntary, its  muscular  fibres  are  of  the 
trans  ver.iely  striated  kind.  They  arc 
about  one  third  less  in  diameter  than 
uiuiciji«rmi>™o(iiuobij«,ri.  those  of  volutttary  muscles  generally. 


Uiuiukn  LuiL  uu  \he  l<^a  tide- 
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COL'RSE  OF  THE   BLOOD   IN   TUE   WSAXT. 


juid  WfO  c&pecially  characterized  by  tbeir  disposition  to  anastomose  witJi 
one  another,  as  represented  in  J^^if/.  'iO.  In  the  ventricles,  l!ie  arrangt^ 
incnt  Ls  such  that  the  tibrea  of  the  external  and  internal  surtiicea  dccuB- 
aatG. 

The  motions  of  the  heart  consLet  in  the  relaxatiouj*  and  contrafltions  of 
BeUsfltions  the  muscular  walh  of  its  cavities.  The  two  auricles  contrati 
tiona™ri"r  ^*  *^^  same  moment,  as  do  aJao  the  two  ventricles^  but  the 
heart,  contractions  of  the  auricles  coincide  wiili  the  relaxations  of  tht 

Ten  tricks. 

The  course  of  the  blood  ikroiigh  the  heart  is  this.  The  venous  bloijd. 
Course  of  tbe  brought  by  the  ascending  and  descending  cavn',  flows  into 
blood  in  tb«  i]^.  right  auricle  as  it  is  diluting,  and  for  the  moment  pushc;^ 
movenienta  of  forward  to  the  ventricle,  but  tlie  aurit'le.  being  of  less  cajtac- 
tbe  v&lvM.  ity  than  the  ventricle,  is  filled  to  distention  first ;  at  this  in- 
stant it  contracts,  forcujg  its  contents  past  the  tricuspid  valve  into  the 
ventricle,  anrl  fills  it  completely.  The  blood  can  not  rcgnrj;itato  into  the 
veing  to  any  extent  wliile  this  is  going  on,  because  of  the  abnost  perfect 
cloisure  of  their  valves.  The  right  ventricle  now  cominences  to  coniract; 
its  fleshy  eolumns  shorteti  so  as  to  pull  upon  the  tendhiou*  cords  attach- 
ed to  the  Haps  of  the  tricuspid  valve:  this  enables  the  blood  to  get  be- 
hind them,  and  they  quietly  close  the  aperture  between  the  auricle  anil 
ventricle;  the  closure  is  not,  however,  under  all  cii-ciunstancea,  pcrfecl, 
the  mechanism  being  such  as  to  ]iermit  leakage  or  regurgitation  to  a  lim- 
ited extent.  Tiic  blood  now  mshcs  irtla  llic  pulmonary  artcr}',  passing 
by  its  semilunar  valves,  which,  the  moment  the  ventricular  prettsurc 
ceases,  shut,  so  as  to  prevent  any  return  to  the  heart. 

Having  passed  through  the  lungs  and  been  submitted  to  the  air,  the 
blood  now  returns  lo  the  left  auricle,  which  forces  it  into  the  left  ventri- 
cle, die  action  on  this  side  of  the  heart  being  the  same  aa  on  the  other; 
the  mitral  valve,  which  closes  the  opening  from  the  auricle  into  the  ven- 
tviclc,  is  worked  in  the  same  manner  as  the  tricuspid,  and  the  blood  is 
pressed  into  the  aorta,  the  semilunar  valves  of  which^  at  that  inataat, 
shut  iibmptly  with  an  audible  sound,  and  prevent  any  regnrgitatioiu  In 
this  manner  tlie  flistribution  to  the  syatem  is  accompliahcd. 

On  both  sides  of  the  heart,  as  soon  as  the  auricles  have  finished  thcii' 
contraction,  they  begin  to  dilate,  and  continue  to  do  m  during  the  peri- 
od that  the  ventricles  are  contracting.  Thus  there  is  an  accumulation 
in  them  when  the  ventricles  arc  ready  to  dilate,  and,  as  soon  as  that  oc 
curs,,  the  blood  flows  freely  forward  into  those  cavities,  the  complete  dis- 
tention of  which  is  then  accomplished  by  the  contraction  of  the  anricles. 
as  before  explained. 

Uovcmenu  of  The  modc  of  action  of  the  two  sets  of  cavities  is  different. 
•hd^iridM.  ^^^  auricles  contract  suddenly,  first  at  the  place  of  junction 
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of  their  veins,  the  effect  pausing  qaickljr  forward;  the  ventricles  con- 
tract more  slowly,  but  simultutieDiialy  in  eveiy  part. 

During  cacli  teat  oJ"  the  heast  two  sounds  may  be  heard,  followed  "by 
a  sileoce.  The  iirst  sound  is  dull ;  tlic  second,  wliich  tbl-  8ai,ii,i»  c-r  ti»: 
lo'Wfl  it  quickly,  ia  sharp.  They  may  he  imitated  by  artic-  '"^^ 
ulating  the  syllables  lubb,  dup.  The  first  is  due  to  the  contraction 
of  the  muscular  tibres  of  the  ventricles,  and  the  striking  of  the  apex  of 
the  heart  against  the  livall  of  the  chest;  to  a  eertnin  exient,  the  opening 
of  the  semilunar  valves,  and  the  rush  of  tlie  blood  into  the  pulraoiiary 
artery  and  aorta  conlriUuto  to  it.  The  second  sound  ia  due  to  the  shut- 
ting of  the  seiudunar  Yalves  of  the  aorta  and  pulmonary  artety. 

At  ea<jli  contraction  of  the  ventriclea  the  heart  strikes  against  the  walls 
of  the  chest,  usually  between  tiie  fifth  and  sixth  ribs,  and  an  inch  or  two 
to  the  k'I't  of  the  sternum.  This  motion  is  partly  due  to  tlie  action  of 
the  spiral  muscular  fibres  of  the  ventriclea,  wliieh  gives  a  tilt  to  the 
heart,  and  partly  to  the  globular  fonn  which  the  whole  organ  suddenly 
aasunips. 

The  number  of  pulsations  made  by  the  heart  differs  veiy  much  at  diC- 
fcrent  periods  of  life:  at  birth  it  is  from  130  to  140  per  SiimlMrofpul- 
jnimito ;  at  the  seventh  year,  from  80  to  85 ;  during  mature  "'"o"^- 
Lifef  &om  70  to  76;  and  in  old  age,  from  50  to  G5.  In  females  it  in 
more  frequent  than  in  Diales.  It  obseires  a  general  relation  with  the 
iiumhci-  of  respirations,  five  pulsations  commonly  occurring  during  one 
respiration.  It  varieB  with  incidental  cii-cum  stance  a.  During  sleep  it 
declines  in  frequency ;  after  eating,  cr  during  exercise,  it  is  quickened. 
Examined  from  morning  to  cvetimg,  it  becomes  slower  by  degrees.  Ly- 
ing down,  tho  pulse  ia  slowCr;  in  a  sitting  poatqre,  more  frequent;  and 
still  more  so  when  standing,  the  variations  depending  on  luuscnlur  exer- 
rion.  In  conditiooH  of  disease,  the  ratio  between  the  nuciber  of  pulsa- 
tions and  respirations  is  variable. 

The  walls  of  the  left  ventricle  ore  twice  as  thick  as  those  of  the  right, 
and  The  force  of  its  contractions  in  aliout  double.  The  ca-  „.  .  , 
pacity  of  the  two  Ventricles  is  nearly  the  same,  and  13  taken  puwimf  ihc 
at  about  three  otmccs.  The  active  force  with  which  the  au-  *"*  '" 
liclcB  ililale  is  feeble,  and  wholly  incompetent  to  esert  any  thing  like  the 
suction  power  at  one  time  Bupposed,  yet  that  they  are  not  distended  by 
the  mexe  inflii.\  of  the  blood  is  satisfactorily  proved  by  their  dilatation 
alter  the  heart  has  l>ecn  cut  out. 

Wilh  respect  to  the  absolute  force  which  the  left  ventricle  exerts  for 
the  propulsion  of  the  blood  into  the  Bystcmic  arteries,  it  it)  stated  to  be 
\'A  lbs.  Tills  result  is  derived  from  tlio  consideration  that  the  pressure 
of  the  blood  in  the  aorta  is  about  4  lbs.  3  oz. 

That  (lie  motions  of  tlie  heart  can.  not  be  referred  to  the  presence  of  the 
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_  of  ihe  1^1™''^'  or  any  reflpx  action  arising  from  the  cprebro-spinal 
motiojwtirih*  system,  but  must  be  attribtited  to  the  organ  itself,  is  proveil 
by  tbeir  continuance  after  its  excision  from  the  body,  or  cvc-n 
after  it  baa  been  cut  in  pieces.  Some  have  supposed  tlmt  tbe  niinule 
sympathetic  gangliH  with  wbleh  it  la  fTornishcd  arc  the  Source  of  ihe  mo- 
tive power;  others  are  disposed  to  impute  it  to  a  aelf-conlractUe  power 
of  its  muscular  libres,  irrespective  of  any  ucn'oua  agency.  Of  course,  il 
is  admitted  by  all  that  the  brain  and  spinal  cord  can  influence  tlicso 
uiovemeiits,  but  sueh  effects  are  superadded  and  not  uniform. 

Of  these  opinions,  wc  shall  iiiid  many  reasons  for  prefcniug  the  first 
when  we  come  to  the  description  of  the  nervous  mechanism.  It  -wiU  he 
then  aeen  that  one  of  the  pmniineat  functions  of  nervous  ganglia  of  a  cer- 
tain order,  and  particularly  the  gangUa  of  the  syinpathetiei  is  the  storing 
up  of  impressions  they  have  i-eceived,  and  thus  becoming  reservoirs  or 
imigaziues?  of  force.  The  jKjwor  thus  engendered  or  contained  in  them 
ia  by  no  means  always  debvered  out  in  lolallty  at  once,  but  it  may  Ik* 
in  small  portions,  at  intervals,  for  a  long  time ;  and  doublleaa  in  this 
way  the  minute  sympathetic  ganglia  of  the  substance  of  the  heart  retain 
a  power  of  keeping  up  the  motions  of  ihat  organ  for  a  certain  jicriod  of 
time,  even  though  great  lesions  or  morbid  cliangcs  may  have  siipcrvencd. 
Sneh  a  mechanism  recalls  the  mannCM*  in  ■wdiicli  chronometera  are  kept 
Jelling  during  the  short  time  thiit  llic  action  of  the  malii-spriiig  is  taken 
off  wjicn  the  watch  is  wound  up. 

2d.  The  arteries;  are  tulies  consisting  of  different  tunira  or  layers  va- 
neBcription  of  "ously  numbered  by  anatomists,  but  wbicli  may  be  siitK- 
thc»ritriP3.  cicnily  described  as^  let.  The  exterior  tunic,  containing  fibres 
generally  running  lengthwise,  connective  and  elastic  tissue:  it  is  of  aliout 
the  same  thickness  ns  the  hmic  l»clow;  2d.  Tlic  middle  tunic,  character- 
ised by  being  compoBed  of  non-etriated  inuscukr  fibres  circtilarly  ar- 
ranged; 3d.  The  intRrior  tunic,  which  is  thin,  and  consists  of  a  cellular 
or  epithelial  layer,  smooth  and  polished,  to  permit  of  the  ready  paasagc 
of  the  blood. 

The  elasticity  nf  the  artcriea  enables  them  to  eustain  tbe  sudden  action 
of  the  heart  l>y  distending  to  a  certain  degree  as  the  blood  is  driven  into 
them,  and  by  their  gradual  collapse  when  the  ventrictes  cease  their  pres- 
iiurc,  the  jetting  or  intermitting  flow  is  convojrted  eventually  into  a  con- 
tinuous stream.  The  mechanical  influence  of  the  heart  is  tbufl  detom- 
[H)sed  into  two  portions  :  one,  which  ia  of  momentary  duration,  or,  at  all 
events.  lasting  only  so  long  as  the  ventricle  contracts ;  and  s  second, 
wliich  ia  occupied  in  distending  the  elastic  arterial  tulK;;  but  this  por- 
tion is  not  lost  to  the  circulation,  since  the  tube,  us  it  contracts,  yicldp 
it  back  again  to  the  blood.  Tbe  moraeutary  impulse  of  the  heart  ia  thus 
spread  over  a  considerable  duration  without  loss. 


ACTION    OP  THE    AKTEEIJEfi. 


141 


The  muscularity  of  tlie  artericB  la  shown  by  thai  contraction  on  ex- 
posure, rlicir  subsequent  dilatation  l>eirig  due  to  their  elasticity,  tliia  con- 
tractile jjropcrtir  being  continued  far  some  time  after  death.  It  is  also 
proved  by  the  gretil  diniiimtion  of  diunrtcter  whicli  arteries  cxiiibit  when 
iindtr  the  influence  of  an  electric  current*  The  quantity  of  muscular 
and  elastic  tissue  in  different  arterial  tubes  ia  usually  in  an  inverse  pro- 
portion. In  the  great  arteries  tlic  ehisllc  tissue  abounds,  in  the  stnatler 
the  muscular  increases.  By  their  muscular  coat  the  qttfttltity  of  blood 
in  tbese  tubes  can,  within  certain  limits,  he  regiJated. 

At  each  injection  of  blood  info  it  an  arterj'  distends.  It  then  con- 
tracts, and  thus  gives  origin  to  a  pulsation.  Its  increase  ia  Action  ortbo 
both  in  diameter  and  length,  tho  tendency  being  to  lift  it  at  "i*"™- 
cnch  pnlsatinn.  The  distention  does  not  occur  at  the  same  instant  in 
all  these  tubes,  but  those  nearest  to  the  heart  yield  first,  and  the  more 
dt^tnnt  a  little  later.  There  is  therefore  what  may  l:>c  termed  a  wave  of 
distention  iiassing  throughout  the  length  of  each  arterial  tube,  and  an- 
other actual  wave  in  the  blood  itself.  These  pass  onwaard  at  different 
rates  of  speed.  The  interval  of  wave-motion  from  the  Iieart  to  the 
wrist  ia  about  one  aeventli  of  a  aecond.  Of  course  this  wave-motion  is 
to  be  distinguished  from  the  absolute  movement  of  the  blood,  which  is 
tnnch  slower.  In  the  carotid  artcrj'  the  flow  of  tlic  blood  ia  about  one 
toot  in  one  second, 

A  pressure  or  impact,  eommnnicated  to  a  liquid  in  a  long  tube,  is 
trfttiBDiitted  to  the  more  distant  end  with  vastly  more  rapidity  than  the 
liquid  itself  could  flow  tlirough  the  aame  distance.  Thus,  if  we  were  to 
suppose  a  very  long  metal  tube  to  be  tilled  completely  with  water,  its 
two  ends  having  been  tightly  closed  by  tying  pieces  of  bladder  over 
them,  the  tap  of  a  finger  on  one  of  the  pieces  of  bladder  would  be  almost 
instantly  felt  by  a  linger  laid  on  the  other.  Indeed,  it  has  been  pro- 
[weed  to  establisli  telegraphic  communication  on  this  principle,  though 
Bucli  attempts  would  prove  abortive  from  the  interference  of  collateral 
circumstances.  This  example  may  serve,  lioweveJ*,  to  illustr.ite  the  es- 
sential diftercncc  between  the  flow  of  a  liquid  in  a  tube  and  the  passage 
of  a  pulsation  through  such  a  liquid  contained  in  such  a  tube. 

The  capillaries  may  be  regarded  ae  tubular  conthiuations  of  the  arte- 
ries and  the  commencement  of  the  veins.  They  ramify 
tlirough  the  organic  structarca.  Thpv  arc  of  pretty  uniform 
diameter,  and  may  therctbre  be  looked  upon  as  cylinders^  Their  usual 
eiae  is  about  -g-j^Vj  of  an  inch ;  their  mode  of  distribution  rarics  with  the 
atructuro  and  functions  of  the  part  they  occur  ui:  thus,  in  muscles  they 
run  parallel ;  in  the  papilhii  they  are  looped. 

They  consijit  essentially  of  a  delicate  structureless  membrane,  analo- 
to  cell  membrane,  and  the  sareolemma  of  voluntary  nmsclea.     It 


The  rajiillari'fi. 


The  interspaces  l)e-fwecn  adjacent  captUaries  vary  ranch,  in  size  and 
Si*«  of  inte:-  3ba]>c,  the  latter  variation  lieiii^  [le|M!ndcnt  on  tfic  mode  of 
spBOB.  diatribution,  whether  parallel,  lelicrulafed,  ioojicd,  &c. ;  oa  tn 

aizct  in  the  liver  the  interspaKS  are  of  ioss  diameter  t!inri  the  capillaries, 
ill  the  clioroid  coat  still  smaller,  hut  in  the  cellular  coat  of  the  arteries 
ihoy  are  ton  times  larger  than  the  vessels.  These  interstitial  spaces  orr 
nourished  hj  the  matter  which  exudes  through  the  thin  Kaiia  ot  the  cap- 
illaries. 

J^fff.  63  representp 
the  capillary  circula- 
tion in  the  ireh  of  the 
frfigs  foot ;  ff,  venoun 
trunk ;  /(,  f',  brant-hes 
of  venous  trunk;  c,  c 
jiignicnt  cells.  The 
flliptical  hlooil - diwcp 
are  ficcn  in  outline  in 
.  tlieinteriorof tlieves- 
sels. 

The  hlood  flows 
tlirough  f]ie  eapilla- 
rie3  in  an  uiiintemlpt- 
ed  stream,  ila  jetting 
motion  being  entirel}" 
loat.  The  rate  of  eir- 
tulalton  through  the 
systemic  capillaries  i^ 
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taken  at  three  inches  per  minute,  that  through  the  pulmo'  M„ii^„„f,j„. 
naiy  being  five  times  as  quick,  the  lenglb  of  the  capillary  tube  Wci<ifi  in  Uie 
to  be  pasaod  ^  oC  an  incli,  so  that  the  passage  irom  the  ar-  '^^^^"^"^"■ 
tcr^'  to  the  vein  may  be  accoraptished  in  leaa  than  one  second.  It  is  to 
be  remarked,  however,  that  all  parts  of  the  cylindrical  stream  do  not 
move  with  e<|iial  rnpidity.  Those  parts  whith  arc  nearest  to  tlie  wall  of 
the  vessel  arc  spoken  of  as  the  )*tjll  layer,  from  thcif  tardy  movement. 
It  is  in  ihis  that  the  white  corpuscles  m{i,y  be  Been. 


Fi'J.  fH. 
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J^ili/.  64  allows  a  portion  of  a  small 
vessel  from  a  troga  foot :  n,  a,  red  blood 
elliptic  cells,  occupying  the  axis  of  the 
vessel,  and  exterior  to  them,  moving 
more  slowly,  or  occupying  the  still  lay' 
er,  the  white  spherical  cells ;  A,  fi,  nncle- 
ated  epithelium. 

4th.  The  veins  have  a  Etructure  in 
some  rcppecta  different  from  ti,,.  veins : 
that  of  the  arteries.  Their  thciTstrncmro. 
elastic  eoat  is  by  no  means  so  muck  de- 
veloped, and  their  muscularity  less  diB- 
tinct.  With  the  exception  of  tliose  of 
wuitt  Mrpu«*i«  \«  ih*  •1111  ur«r.  the  lungs,  abdominal  viscera,  and  brain, 
tbcir  interior  is  fiurnished  witli  valves  of  single,  double,  or  triple  flaps,  in 
all  instances  opening  toward  the  heart.  The  blood  flows  equably  in 
them,  the  pulsating  action  of  the  ventriclea  having  disappeared  in  the 
capillaries.  Since  lliey  iireacnt  on  aggregate  capacity  two  or  three  times 
tliat  of  the  arteries,  tlic  motion  of  tlie  circulation  in  them  is  proportion- 
ally slower.  -F"/^.  G5  is  a  diagram  allowing  lite  manner  in  which  the 
Talves  open  when  tlie  blood  flows  in  the  course  indicated  by  the  an-ows. 

Ffir.M. 

Fiff  nr.  


a 


VuUcB  ul  vutlla  DllVlt. 


VnlvvM  of  Tatiin  diiii. 


Fifj.  fiG  shows  tbcir  application  to  each  other,  or  to  the  sides  of  the  vein. 
and  the  consequent  bulging  of  that  vessel  wbcn  the  current,  as  indicated 
by  tlie  Arrows,  is  in  tlie  opjiosite  direction- 

Having  now  described  the  stnicture  and  action  of  the  heart,  the  arte- 
ries, capillaries,  and  veins  respectively,  as  (ar  as  i.s  necessary,  it  remains 
to  group  those  actions  together,  and  present  the  theory  of  the  circulation 
jit  one  view. 

But,  Ijcforc  cntcrinij  on  this,  it  ia  iiroper  to  offer  an  ar-  ErrorofihodeHv 
,       ,  -  J.    ,  ,       -  ,      .  ,  ,„    trine  Llint  ihe 

gnment  against  tlie  doctrine  ol  those  ]ihysioiogi3t8  wEiotsttil  hcnri  is  Ow  soli- 
iidtain  that  the  circnlation  is  wholly  dependent  on  the  heart,  *■"!'*", ''"''°  '■'''■■ 
id  that  that  orjian  is  entifclv  comjietent  to  carry  it  on- 
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The  majority  of  the  circulations  wc  examine  in  organic  fonns>  are  ac- 
complislieil  without  any  heart.  Plants  have  none;  tishts  have  no  sya- 
temic  heart;  even  in  man,  at  the  lirat  period  of  cniliiyonic  esisitcucc,  thcrt 
IB  no  sudi  centml  organ  ;  in  liis  adult  condition  the  |K>rtal  circulation  lias 
none.  The  cunTnt  of  blood  in  th<?  rapillaries,  seen  under  the  niicrogcopei 
fjdiibits  no  jetting  raoveroents,  Lrnt,  on  the  contrary,  a  steadiness  of 
&QW,  sometimes  for  long  in  one  channel,  then  a  ce^aalion,  then  perhaps 
a  retrogradation,  and  thou  a  new  path.  It  looks  as  though  the  Uood 
was  llowing  spontaneously,  and  not  by  any  fnrte  acling  behind.  Tin.- 
heart  of  un  animal  may  be  SLuldenly  cut  out,  and  yet  the  capillary  motion 
may  go  on  in  the  eamo  direction  as  before.  After  death  the  arterial 
tuhcB  arc  moat  commonly  found  empty '.  a  result  wliifh  is  a  Tncdianiual 
impossibility  on  the  supposition  th.it  the  heart  alone  drives  the  hlood, 
but  which  ensues  as  a  necessary  eonseriuencc  if  the  citpillaries  draw  it. 
In  acardiae  monsters  the  Uood  circulates  ivithout  dltHeulty,  and,  though 
it  was  at  one  time  supposed  that  in  these  twins  ihc  liearted  fu-tiie  drove 
the  blood  ihrongh  the  heartless  one,  this  is  now  demonstrated  not  to  be 
1  he  ease.  The  circidation,  moreover,  varies  locally,  and  at  sppcial  e|K><'li8, 
as  in  the  development  of  the  generative  organst  the  mammary  ghuidfi,  tlie 
tiow  to  tiie  erectile  tissues.  Ubi  irritatio  ibi  floxua  is  an  old  medical 
aphorism,  and  these  local  variations  nre  incompatible  with  the  action  of 
one  central  unvarying  lorcc.  In  cases  of  spontaneous  gnngren'e,  it  aomc- 
timea  occurs  that  the  circulation  through  the  part  has  declined,  wliile  the 
capillaries  are  all  open,  as  Hubsequent  examination  proves.  The  applica- 
tion of  cold  to  a  part  checks  the  circulation  through  it,  and  this  not 
through  any  contraction  of  the  veaaela ;  bo,  likewise,  docs  a  jet  of  carbon- 
ic acid  gas  directed  upon  tlietn.  Moreover,  any  retardation  in  Ihc  snpplv 
of  air  to  the  lungs  restrains  the  circulation,  and  this  not  alone  in  the 
pulinonary  vessels,  but  also  in  tlic  systctnic  eapillariej*,  producing  an  in- 
creased pressure  in  the  arterial  tiiljos,  a  diminished  one  simultaneously 
occurring  in  the  veins ;  and  if,  in  the  various  cases  now  mentioned,  the 
projudsivc  action  of  the  ventricles  can  not  he  relied  on  to  explain  llie  dif- 
■ticulties,  neither  can  any  supposed  suction  or  e.\liausting  action  of  the 
auricles.  '^V'hen  a  ligature  is  tied  round  a  vein,  tliQ  action  of  the  auricle 
is  cut  off,  but  the  vein  distends  beyond  the  ohstnietion,  pbowing  thai 
there  is  a  force  acting  from  the  capillaries.  Flexible  tubes,  such  as  art 
those  vessels,  would  at  once  collapse  under  the  exertion  of  a  very  moder- 
ate suction  power,  far  leas  in  intensity  than  would  be  nccessajy  to  draw 
the  blood  iu  the  veins. 

In  spasmodic  af<thmn,  and  in  all  jmlnionary  congestions,  tlic  right  aide 
(if  the  heart  circulates  the  blood  with  difficulty  througli  the  lungs,  show- 
ing the  existeocc  of  a  great  obstruction  to  its  motion  through  the  pulmo- 
nary capillaries.     ;\.n  examination  of  the  condition  of  tlie  various  por- 
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tions  of  tlie  circolatory  apparatus  ai'ter  death,  presents  facta  utterly  inex- 
plicable on  the  doctrine  of  the  iSiifficicncy  of  the  heart.  I  have  already 
motioned  the  empty  state  of  the  systemic  arteries  ;  to  this  mny  Ije  add- 
ed wha,t  is  olten  witntased — the  distended  condition  of  the  pulnionarf- 
artery,  info  which  the  blood  has  hccn  forced  by  tlie  expiring  bcata  of  the 
right  ventricle,  but  liaa  been  unable  to  get  througli  the  pulmonary  capil- 
laries because  of  the  cesantioii  of  respiration ;  but  in  other  cases,  where 
respiration  iias  come  to  an  end  more  trtinquilly  or  slowly,  the  left  auricle 
is  full  of  blood,  wJuch  must  have  been  driven  into  it  by  the  pulraonar}- 
capilliiriea.  In  sudden  dciith,  as  by  hanging  and  drowning,  the  riglit 
heart  is  excessively  distended,  as  is  also  the  piiinionary  artery. 

I  might  pmoeod  to  add  to  these  other  facta  eiliibltJng  local  variations 
of  the  supply  ot  blood  in  the  periodicities  of  the  system.  Tlierc  ia  a  cer^ 
tain  amount  sent  to  the  brain  during  the  day,  and  a  less  during  the  re- 
pose of  the  night ;  in  the  muacular  syatcni,  during  the  thnc  of  its  action, 
the  quantity  demanded  is  greater;  in  its  state  of  inactivity,  less.  A  oon- 
Btant  and  invariable  acting  machine,  such  as  is  the  heart,  could  by  no 
poaaibiUty  adjust  these  variable  supplies.  But  the  caae.^  liere  offered  arc 
more  than  enough,  and  it  remains  to  be  added  that,  though  not  one  of 
them  can  be  explained  on  the  doctrine  of  the  sufficiency  of  the  heart, 
there  is  not  one  which  docs  not  follow  as  a  necessary  conseijucnce  of  the 
doctrine  now  to  be  presented. 

On  tliia  view,  the  ciiculution  is  conducted  in  the  following  manner: 
The  letl  ventricle  of  the  heart  impels  the  blood  into  all  the  ExpiiiniHoiiof 
aortic  branches,  any  backward  regurgitation  into  tlie  auricle  ibi!  cln-'ulntion 
being  prevented  by  the  shutting  of  the  mitral  valve  \  the  "  ^  "  • 
force  employed  is  decomiiosetl  into  two  portions,  one  part  exerting  an  in- 
stHiitaneoua  eftect  on  the  blood  in  pressing  it  forward,  and  ceasing  iu- 
atantaneoualy,  and  thus  giving  origin  to  the  pulse;  the  second  distend- 
ing the  arterial  tubes,  but  not  being  lost  thereby,  since  their  elasticit)' 
causes  them  to  contratt,  and  the  semilmiar  valves  at  the  origin  of  the 
aorta  being  at  this  period  shut,  a  steady,  onward  pressure  is  exerted  on 
tlie  blood ;  so  the  quickly-ending  action  of  the  ventricle  gives  origlti  to 
two  distinct  mechanical  resuJis — a  sudden  impact  and  a  continuous  preas- 
oxe.  This  suifices  to  bring  the  blood  to  the  arterial  origin  of  the  capil- 
laries, and  beyond  that  point  the  action  of  the  heart  may  be  considered 
not  to  ejctend. 

The  relation  between  the  interspaces  of  the  capillaries  and  the  blood 
thus  introduced  to  them  eontinuca  the  current.  The  particular  mode  in 
which  this  relation  is  manifested  ditiers  in  different  parts.  The  oxidiz- 
ing arterial  blood  has  a  high  affinity  for  those  portions  tliat  have  become 
wasted:  it  effects  their  disintegration,  and  then  its  aiKjiity  la  lost.  The 
various  tissuee  reijuire  repair;  they  have  au  affinity  for  one  or  other  of 
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the  constituents  of  the  blood ;  tlioy  tukc  the  matcirial  they  need  and  their 
affinity  is  aatisficd;  or  secreting  cells  originate  a  drain  upon  the  bloodn 
aiid  the  mopiP'nt  ihcy  have  rcmovod  from  it  the  substancG  to  be  secreted, 
they  iiave  no  longer  any  relation  with  it,  Sa  processca  of  oxidation,  and 
processes  of  nutrition,  antl  procesaes  of  secretiLfn,  all  conspire  to  draw  flif 
current  onward  from  the  arteries,  and  to  pusli  it  out  toward  tlic  veins: 
and  though  these  proceseea  may  present  tlieinselveg  in  many  various  as- 
pecta^  they  arc  all  modlHcations  of  the  same  simple  physical  principle. 

The  bloud  has  now  reviehed  t!ie  veina^  and  iy.  forced  onward  in  thcra  by 
the  power  that  haa  thus  originated  in  the  capillarica.  The  influence  of 
the  heart  is  here  unfelt,  the  exhausting  action  of  its  right  auricle  is  un- 
appreciable,  and,  thug  pushed  onward  from  the  capillaries,  jt  reaches  the 
heart,  completing  its  eystemic  or  greater  circulation.  Thjst  ciR-ulation 
may  therefore  be  said  to  be  due  to  the  high  affinity  whicli  arterial  blood 
has  for  the  tipsues,  venous  blood  himng  none  ;  and  the  action  of  the  heart 
is  conlincd  to  the  lillirig  of  the  arterial  tubes,  and  presenting  fi-esli  jwt^ 
tiona  of  blood  to  the  capillariea. 

Arrived  at  the  right  auricle,  the  blood  floww  continoonsly  into  it  and 
the  right  venlriele  for  a  moment^  but  the  ventricle  holding  more  than  the 
auricle,  the  latter  cavity  is  fiilly  distended  first.  At  that  Instant  it  con- 
tracts, the  valves  in  the  veins  shutting,  ami  the  blood,  driven  thus  forcibly 
into  the  ventriclo,  diatcnds  it  to  the  utmost.  The  vcutricie,  in  ils  turn, 
now  contracts,  the  tricuspid  valve  shutting,  and  the  blood  issues  forth 
through  the  piilninnary  artery,  its  valvpji  then  closing.  At  thirt  moment 
an  event  occurs  which,  in  these  descriptions,  is  generally  overlooked — an 
action  analogous  to  that  of  the  Iiydranlic  ram.  On  the  shutting  of  the 
trieuspid,  the  whole  column  of  venous  blood  would  be  brought  to  it  stop 
if  the  tubes  containing  it  were  unyielding,  and  a  great  force  would  be  gen- 
erated from  tills  stopping  of  its  momentum ;  but  the  auricle  is  ready  to 
dilatCi  and  into  ittii  cavity  the  blood,  which  would  Ije  otherwise  checked, 
flows.  I  consider  that  this  safety  action  of  the  auriL-le  is  one  of  its  prime 
functions.  The  rapidity  with  which  the  dtlatalions  and  contractions  are 
Inking  ])laee  furnish  no  argument  against  the  occurrence  of  this  action. 
I  have  a  hydrnutie  ram,  the  pulsations  of  which  may  be  bo  adjusted  as 
to  exceed  greatly  in  frequency  those  of  the  heart,  and,  indeed,  to  give  rise 
to  a  low  murmuring  sound,  and  yet*  under  these  circumstances,  llie  lat- 
eral force  is  so  great  as  to  throw  a  column  of  water  more  than  forty  feet 
high.  If  it  were  not  for  the  dilatability  of  the  auricles  and  their  yield- 
ing tpxture,  the  veins  would  burst  on  the  shutting  of  the  tricuspid  valve. 

The  rnmili  cat  ions  of  tlie  pulmonary  artery  bring  the  Uood  to  the  cap- 
illaries of  the  lungs,  but  l^eyoiid  that  the  influence  of  the  heart  is  not  felt, 
for  now  the  physical  principle  heretofore  described  comes  ag^in  into  ac- 
tion.    The  venous  blood  has  a  high  affinity  for  the  oxygen  of  the  air,  an 
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affinity  which  U  6afist5e«l  as  soon  as  the  TdIooiI  presents-  itselt'  in  the  cells 
of  the  lungs,  .\rterinJizatiou  being  amomplished,  the  portions  to  bo 
changed  exert  ei  pressiire  oti  those  that  have  changed,  and  the  blood,  mov- 
ing forward  in  the  pulnionaiy  veina,  reaches  tliti  left  iiuricle  of  the  heart. 

For  a  moment  it  passes  Into  the  !eft  anricln  and  vcnfriclc  continnously. 
but  the  auricle,  being  of  lesa  capacity,  ^illw  first.  It  eontrncta  as  soon 
as  it  ia  completely  full,  and  flrivea  its  contents  into  the  left  ventricle,  dis- 
ten<ling  it  to  the  utmost.  The  ventricle  now  contracts,  shutting^  the  mi- 
tral valve,  and  the  ram-like  action  i«  repe«tcd  on  this  side  of  the  heart. 
But  the  blood  expelled  from  the  ventricle  is  urged  into  the  aorta,  its  forof 
being  decomposed,  as  before  described,  one  part  acting  iuetantaneouBh' 
53  an  impact  on  the  blood,  tlic  other  on  the  arterial  walls,  and  on  the 
first  moment  of  the  recession  of  the  ^-allg  of  the  ventricle  the  semilu- 
nar valvea  of  the  aorta  shut,  and  thia  act  completes  one  tour  of  the  cir- 
cdlalion  of  the  blood. 

In  this  description  I  have  said  nothing  of  the  circulation  in  the  sub- 
stance of  tlie  heart  itself,  since  it  would  have  led  to  a  needless  complica- 
tion. It  should  be  remembered,  as  an  illug.tTation  of  the  working  of  the 
physical  principle  here  explained,  tlmt  the  motion  of  the  blood  h  contrary 
in  the  greater  and  less  circuintionis,  compared  together.  In  the  former, 
the  current  ia  from  the  crimson  to  the  blue,  in  the  latter,  from  the  blue 
fo  the  crimson  side. 

The  action  of  the  heart  ia  therefore  limited  to  the  tilling  of  the  nrterifll 
tubes,  80  as  to  present  to  the  capillaries  a  constant  supply  of  Correct  aute- 
blood.  There  seems  to  be  but  little  suction  force  exerted  mcni  of  the 
by  tlie  auricular  cavities  for  the  emptying  of  the  veins.  The  ""  *  '^'■"'"'■ 
valvular  construction  of  these  vcsselis  economizes  e^'ery  pressure  that  the 
inuacle.'i  may  exert  on  them  in  thvor  of  the  circulation,  for  every  such 
preeaure  must,  by  reason  of  the  valvca,  force  the  blood  onward  to  the 
Jicart.  This  ia,  however,  oidy  an  incidental  result  of  the  same  character 
as  the  indncncG  which  the  motions  of  respiration  exert.  They  may  be 
properly  overlooked  in  a  general  statement  of  the  cauiaes  of  the  eircnlation. 

By  regarding  the  affinity  between  the  blood  and  the  tissues  with  which 
it  ia  in  contact  as  the  great  primary  cause  of  the  circiJation,  y^jp^g  f^^ 
we  assign  a  reason  for  those  various  phenomena  which  can  sii|»[ioriingUiia 
not  be  accountetl  for  on  Han-ey's  doctrine:  the  motions  in  ""''  ""'*"■■ 
the  embryo;  the  periodic  and  local  variations;  the  portal  circulation  i 
the  changes  in  the  ciurent,  as  peen  under  the  microscope ;  the  movement 
in  the  tsipillaries  after  the  heart  ia  cut  out ;  the  empty  condition  of  the 
arteries  after  death ;  the  ptienomena  of  acardiac  fojtuses ;  local  inJlara- 
maliona  and  eongesstiona;  the  gangrene  of  parts  while  their  capillaries 
are  pervious :  the  retardation  of  the  current  on  the  application  of  cold  or 
of  carbonic  acid  gas :  the  results  of  asphyxia  and  death  by  drowning  or 
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banging ;  the  changes  of  pressure  in  the  arteries  and  veins  respectively 
durmgaclieckontlie  respiration;  the  vis  a  tergo  of  tlio  veins ;  the  effects 
of  a  ligature  on.  those  \cj*sc1s  ;  llic  action  of  irrespirable  gases  when 
breathedi  arid  the  opposite  coatlitioos  wlieu  oxygen  gas  or  protoJtide  of 
nitrogen  are  used. 

Among  tlio  striking  proofs  of  llie  truth  of  this  doctrine,  tliat  tlte  pri- 
Tmiiy  cause  of  the  circulation  la  the  aeration  of  the  blood,  I 
would  particularly  direct  attention  to  the  cffecta  which  en- 
sue in  the  moment  of  Linh  at  the  first  breath.  That  iiiteTComraunicatiou 
between  the  two  aidea  of  the  heartt  catablUhed  tlirough  the  foramen  ovale 
and  through  the  ductus  arteriosus,  is  suddenly  put  an  end  to.  But  ibis 
is  fiot  through  any  change  in  the  mechanisni  of  tho  heart  itself,  nor  be- 
cause o(  any  inlerruption  in  tiie  action  of  the  placenta.  It  is  solely  be- 
cause of  tlie  calling  into  operation  of  the  principle  we  have  been  here  en- 
forcing. Through  the  contact  of  the  cold  air,  or  other  causci^  which  might 
be  assigned^  the  inspiratory  niueclefi  make  tlicir  first  contraction  and  dis.- 
tend  ths  lungs.  At  that  instant,  the  commencing  arterialization  produccB 
a  preaaure,  in  the  manner  I  have  explained,  of  the  venous  upon  the  now 
arterialized  blood  in  the  vessels  of  the  pulmonary  cells.  There  is  no 
other  possible  issue  to  such  an  action  than  an  instant  drain  upon  the 
heart.  The  pulmonaiy  or  less  circulation  sets  in  with  full  vigor.  The 
blood  ig  not  driven  by  the  heart  to  the  lungs,  but  drained  by  the  lungs 
from  the  heart.  U'it  were  the  heart "s  action  that  occasioned  tliis  sudden 
iuercaSB  of  force,  because  of  the  strain  thrown  upon  it  through  the  shut- 
ting oft' of  the  influence  of  tlie  placenta,  it  is  inconceivable  why  the  cur- 
rent should  not  continue  to  move  through  tlie  great  avenues  already  open 
to  it  firom  the  right  to  the  left  auricle  through  the  foramen  ovale,  and 
from  the  right  vejitriclc  into  the  aorta  through  the  ductus  arteriosus. 
The  arrest  of  its  motion  through  these  channels  distinctly  establishes  that 
the  seat  of  tlie  new  action  is  in  tho  lungs,  and  the  final  closure  of  the 
foramen  and  shriveling  of  the  duct  condrm  the  correctness  of  this  con- 
clusion. 

Tliough  it  does  not  strictly  belong  to  the  subject  now  under  consid- 
eration, 1  can  not  avoid  impresBing  on  the  reader  the  ituddcnnesa  of  the 
affect  that  thus  ensues  on  the  taking  of  the  iirst  breath.  It  is  a  crisis  in 
the  Jiiatory  of  development.  Of  tliese  charigea  by  crisis  much  more  will 
be  said  in  the  second  book,  and  their  im(>orlant  bearings  on  the  theory 
of  physiology  ixiinted  out.  It  is  enough  for  the  present  purpose  to  com- 
mend to  the  attention  of  those  naturalists  who  deny  that  physiological 
crises  ever  occur,  the  facts  which  have  been  considered  in  the  precediug 
paragraph. 

A  doctrine  which  accounts  with  simplicity  for  sticli  a  long  list  of  mis- 
cellaneous facts  commends  itself  to  our  attention  at  once.     There  are, 
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however,  considerations  of  a  still  weightier  character,  Tcliich  must  compel 
na  to  adopt  it.  The  affiniry  between  the  blood  and  the  parts  with  which 
it  is  brought  in  contact  is  a  chemicai  fact  beyond  contradiction.  The 
pressures  and  motions  I  have  been  speaking  of  follow  as  the  inevitable 
consequaices  of  that  affinity.  "We  can  not,  therefore,  gainsay  their  ex- 
istence in  the  living  mechanism,  and  the  only  doubt  we  can  entertain  is 
as  to  whether  tliey  arc  of  competent  power  to  produce  all  tiie  etfecta  be- 
fore us.  But  after  what  lias  been  already  said  respecting  the  energy  of 
endosmotic  movements  displayed  against  pressures  of  many  atmospheFea* 
we  may  abandon  those  doubts ;  and  since  we  Imvc  here  a  force  of  um- 
Tersality  enough,  and  intensity  enough,  and  in  every  instatice  acting  in 
the  tight  directioti,  it  would  be  unphilosophical  to  look  farther,  since  sttch 
s  force  must,  under  these  conditions,  exist  in  the  physical  necessity  of 
the  case. 
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R^imtKm  introdwt*  and  reraprM  oeHnl  S«f>Kiaaees. — GmkaeeKa  <^  jRtspiratory  and  Urvuuy 
Orrftat  in  Fislipii. — Ph^sirai  aritJ  i:f4f"iiml  O/n/iitions  of  Sea/nratian . — Inftrvlitiat  Mwementi 
ofSi^dx,  Uqmdn,  (ind  ^uwj.— fbWtrion  tif'  Etpti^nimit  in  fht  {jijfusirm  of  (leuffn, —  Oon- 
ijmtini/ AflioH  of  MemiTana. — Fariin  of  Rtjiptraiar^  MtrJuaiinn, —  TKf  Ijangn  nf  Man.^ 
TTtrtt  Spajts  in  the  Introdacllon  of  Air:  Ataiofphnrir  Ihftiiuit,  iJijfuxian  vj'  (jt«c«,  and 
CoiKknsalirac  f-if  Hfttahriinfji,- — Exrhaniff  of  Carbonic  Ariftj'or  Oiygtit.— Uifixioia  afthr  Cint- 
leida  of  Xhr  f.wiffs, —  Variations  ia  Ifif  f:tjiitl-ii  Ait. —  fieitwnf  of  Wat(t. — Effcft  of  itffspim- 
Ue  Gctft/i.'—ErjieriiBtriU  qfHrgtKtuic  and  Reitet. — Nervrma  Injlaeaa  amanted  in  ItajAratirm. 
— Jitsvil*  of  Jie^riration. 

Since  it  is  easentially  neceaaary  to  the  life  of  all  animals  that  the 
blood  should  pass  to  every  part  of  the  system,  ptovi^ion  must  oiqepuor 
be  made  for  scciTring  aeration.     The  breathing  apparatus  is  the  "•p'»»ti'«- 
skin,  or  some  extension,  rejection,  or  modification  of  it. 

Bosidcis  the  great  duty  of  originating  the  circulation,  respiration  is  con- 
nected with  others  of  equal  importance.  The  functional  activity  of  the 
nervoua  and  muscular  tiflsues  is  dependent  on  tlicir  oxidation,  and  this 
implies  the  introduction  of  am  In  each  tribe,  moreover,  it  is  ncccssaiy 
to  keep  the  temperature  up  to  a  specific  point.  This  nlso  Es  accomplished 
by  oxidation,  either  of  the  disintegrating  material  which  is  passing  to 
waste,  or  of  combtistible  substances,  such  as  sugar  or  iat. 

Ail  organic  material,  at  its  death,  eventually  gives  origin,  .-..    .     od«ct» 
under  the  action  of  the  air,  to  two  products  with  which  the  wf  liwu?  meu- 
fiinction  of  respiration  is  mainly  concerned.     These  products  "^'"^  °^^ 
are  carlionic  acid  and  water.     With  the  exception  of  gelatin,  the  other 
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rcspiratoiy  elements  of  food — fat,  sugar,  starch,  &c.,  yield  these  two  pro- 
ducts alone.  The  nutriltve  elements  give  rise  to  nitrogeiiized  compounds 
ill  addition.  The  conditions  of  life  are  audi  that  carbonic  acid  can  not 
be  permitted  to  accumulate  in  the  Bystem,  and  meaiia  have  therefore  to 
be  resorted  to  for  il3  removal.  The  introduction  of  oxygen  and  excre- 
tion of  carbonic  add  are  acconijiliahcd  by  the  same  mechaiiism,  the  lunga, 
the  action  of  which  is  dependent  on  a  physical  principle. 

Under  its  Biniplest  condition,  respLratiQn  »x)nsista  m  the  passmg  of  car- 
GfspiratioTi  in  "widc  aciil  with  the  vapor  of  water  tirom  the  system,  and  the 
.oiii.n.L>cti!j»iiii  reception  of  oxygen  in  oxchauge.  The  construction,  of  the 
MKiui  mniter  apparatus  which  aceompliHhed  tliib  double;  duty  in  atiuos- 
""•j-  pherlc  animalii  is  guch  ihat  tt  can  deal  with  substances  in 

the  aerial  state  idone.  Notliing  can  be  introduced  through  the  lungfl  or 
eacajie  therefrom  except  it  be  in  the  gaseous  or  vaporous  form.  ^Vll 
those  products  of  disorganization  which  arc  not  presented  under  this  con- 
dition must  therefore  be  removed  by  other  organs,  and  this  is  more  par- 
ticularly done  by  tlie  kidjieys. 

But  in  aquatic  animals,  as  in  tishea  gencndly,  there  is  not  tliis  restrio' 
Coikwrnce  of  tion  OF  concentration  of  function,  for  the  gill,  being  in  contact 
■adiiriii'iIrvD?-  ^^'^'^^  water,  oftera  a  chamiel  for  the  poBsing  away  of  many 
i^aiw  in  lifiW  products  of  waste  which,  from  (heir  non-aerial  stale,  could 
nevca"  escape  through  a  lung,  and  so  I  regard  this  organ,  the  gill,  QS  in  ft 
measure  slianng  the  duty  of  a  kidney  in  eliminating  nitrog'emzed  and 
IJerhaps  saline  matters.  ComparatLvc  analomistB  have  long  recognized 
that  the  so-called  kidney  in  hsheH  aj)prtiache&  iu  character  the  "WoliBan 
liodies  largely  deveIo|3ed  in  the  ftvtal  condition  of  man.  I  am  disposed 
to  believe  that  the  physical  inteqiretation  of  this  depends  on  the  lact  now 
Ijcfore  ns,  and  that  llic  gill  in  tishei^,  and  the  placettia,  in  part,  in  mam- 
mals, discharge  at  once  the  double  office  of  a  respiratory  and  urinary  or- 
gan. It  la  consistent  with  the  scheme  of  organic  design  that  there  shotdd 
be  this  sepaiation  Mid  concentration  of  function  as  development  tuk@ 
pU(x. 

These  considemlions  wonid  therefore  lead  us  to  exjiect  that  we  shot 
find  in  the  respiration  of  air-breathing  amnuds  Ihat  fuuction  iu  its  pui 
and  least  complicated  form,  and  this  is  accordingly  the  case.  If  it  be 
merely  the  skin  that  is  relied  on,  aa  in  the  low  orders  of  aerial  life,  or  if 
the  raechaniam  lie  constructed  on  the  type  of  carrying  ihe  air  to  the 
blood,  B3  in  insects,  or  that  of  c-arr^Hng  the  blood  to  the  air^  as  in  miaii, 
the  operation  consists  essentially  in  the  escape  of  carbonic  acid  and 
aleam,  and  the  reception  of  oxygen  in  return. 

Respiration,  like  circulation,  funnshes  us  wilh  a  isignal  instance  of 
ihe  cmplo_\Tnent  of  purely  physical  principles  for  the  accompliahineut  of 
phyaioloiiical  purposes.     It  is  with  the  pressure  of  the  atmosphere,  the 
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Jiifusion  of  aasea,  and  tlie  conJenaing'  action  ol'  jnembranes,  „,  .  ,  . 
that  we  nave  now  to  de-ai.  1  licse  give  us  eo  pretiiae  and  jier-  uipii:*  done  n  - 
spicuous  an  pxpianatioti  of  tiie  act  of  breatliing  that  it  is.  g^f^I^J'n"'"^," 
needless  to  look  beyond  tliem ;  yet  on  that  act  depend  the  riftpiMior}'  en- 
highest  operatlona  of  lil'c.  In  this  particiilar  the  Scrijitures  ^^'"' 
have  summed  up  the  deductions  of  modem  physiology  in  a  single  liufl — 
no  metaphorical  expression,  but  the  simple  assertion  of  a  truth :  Hi: 
"breathed  into  his  nostrils  the  breath  of  life,  and  mnn  became  a  living 
soul." 

Of  the  physical  principles  now  to  be  dealt  with,  it  is  unnecessary  to 
say  any  thing  respecting  the  pressure  of  the  atmosphere,  since  that  is 
well  understood ;  but  not  bo  wi(h  the  plienoraena  of  the  diffusion  of  gas- 
es, and  (he  condensing  action  of  membranes.  Thougli  tlicme  are  subjects 
*?hich  luivB  been  partieuJarly  cMimined  by  American  physicians,  the  facta 
they  have  elicited  are  little  known  abroad.  l''or  example,  the  error  of 
Vale-titin's  statement  roppecting  the  diflusion  excbangei  of  carbonic  acid 
and  Oxygen,  and  the  uselcssueas  of  the  elaborate  discussions  which  haye 
originated  therefrom,  would  at  once  hnve  been  recognized,  had  attention 
been  directed  to  the  facts  developed  here  abnost  twenty  years  ago. 

Interstitial  motions  are  exhibited  by  solids,  liquids,  and  ga.ses.  I 
liave  had  occasion  to  examine  Roman  silver  coins,  from  the  Imersiiiial 
interior  of  wiiidi  the  co[iper  originally  preaent  had  made  it.s  "Xd8''!l"j*]iq'^ 
way  out  to  the  surface,  forming  the  greenish  incrustation  uiii^- 
known  as  patina  by  antiquarians,  the  silver  being  left  almost  pure.  In 
speaking  of  absorption  by  the  btood-veaaela  in  Chapter  VI.,  we  had  oc- 
casion to  dwell  nj)0n  the  game  propensity  as  shown  by  litjiiids,  the  en- 
dosmosis  of  Dutrochet  bciog  an  example  of  it.  The  ready  mqbdity  of 
this  group  of  bodies,  arising  from  llieir  diminiHlied  coliesion,  greatly  pro- 
motes these  ctfects.  Mr.  Boyle  collected  a  nnniber  of  cJises  of  solid  move- 
ments in  hia  tract  on  the  languid  motions  of  bodies. 

Gases  and  vapors,  by  reason  of  their  total  want  of  cohesion,  present  the 
most  striking  exaniple;3  of  these  eflects.  Their  propensity  to  intermin- 
gle with  eacli  other  is  manifested,  even  though  they  be  obliged  to  pass 
through  crevices  or  winding  passages.  One  of  the  first  histancea  to  which 
attention  was  directed  occurred  under  the  observation  of  Itr.  Priegt]ey''s  ob- 
Pricstiey,  wEio  found,  on  passing  steam  tlirough  an  earthen  ^^ '|,do,m'J„p 
IuIjc  placed  in  a  furnace,  that  air  woidJ  l«e  didivered  at  the  of  gaw!*. 
farther  end.  For  some  time  he  6uppo.?ed  that  this  experiment  demon- 
strated the  conversion  of  water  into  air  by  a  great  heat,  but  eventualh- 
traced  it  to  its  proper  cause — the  escape  of  the  steam  outward  through 
the  pores  of  the  earthen  tube,  and  the  intrusion  in  the  opposite  direc- 
tion of  lur  irom  the  furnace.  This  aingular  experiment  may  be  well 
shown  by  attempting  to  pass  steam  through  a  red-hot  tobacco-pipe,  the 


152 


EXI'EEIMEXTS  OF   DAT^TON  ANP  GRAHAM. 


fii  St. 


liinu-i»n  g>f 


end  of  whicli  dips  l)eneatli  some  wstcr.     A  tonent  of  gas  bubbles  will 
escape. 

ilr.  Dalton  demonalrnted  that  if  a  light  gas  be  placed  above  a  heavy 
Darion'scxpof.  gHs  in  a  BuilaUc  apparatus,  the  former,  notwithstanding  ita 
Sdonrf"  levity,  will  descend,  and  the  latter,  notwithstanding  ita 
gasoa.  weight.  Will  risc,  atid  a  complete  and  uniform  intemiLxture 

will  result.  By  suck  experiments  he  was  led  to  believe  tliat 
gjvBes  act  as  vacua  to  one  another,  and  correctly  explained  the 
uniform  conipoBition  of  the  atmosphere  on  this  property  ofdil'- 
fusion,  or  tendency  of  its  constituents  to  intermii. 

Thus,  if  a  villi  tilled  »nth  hydrogen  lie  placed  with  its 
mouth  dowTiward  over  the  nioufh  of  a  vial  of  the  same  size 
containing  carbonic  acid  gas,  as  shown  at  A,  c,  J^iff.  67,  in  the 
course  of  a  few  moments  tlie  diffiiBion  will  he  complete,  and 
if  the  mixture  in  either  vial  Ik  examined,  it  will  be  found  to 
contain  equal  rjuantities  of  the  gUses. 

Pi'ofessor  (^rraliam  extended  Br.  Priestley's  obsen'ations  on 
CrBliam's  ex-  *'^^  passsgE  througli  porouB  barriers.  The  sub- 
iicriniL-auvritii  stsnce  hc  cliicfly  employed  was  a  mass  of  drv 
BiuMo.  plaster  of  Paris,      This  enabled  him  to  prove  that 

in  the  case  of  different  gasea  diffusion  takes  ])lace  at  different 
rates,  whieh  are  dependent  on  the  density  of  the  gas.     Per- 
liaps  the  most  satisfactory  method  of  illustrating  this  class  of 
Diiru»ioi  results  is  by  taking  a  porous  earthenware  cup, 

ihroiiKiip"^""*  t*  t?,  -'''';7-  ^^>  sueh  as  ia  used  in  Grove's  voltaic 
au  .tiwBre.  ijat^ejy^  drying  jt  jwrfectly,  and  cementing  into 
its  month  an  open  glass  tube,  b,  three  (juarters  of  an  inch 
iu  diameter,  and  a  foot  or  more  long.  A  wide-mouthed  bot- 
tle, c  c,  being  placed  as  a  temporary  cover  over  the  porou& 
cup,  it  may  be  filled  w^ith  hvdrogeu  gaa  by  displacement ; 
and  if  the  end  of  the  glass  tube  be  put  into  water  eontdined 
in  a  reaen'oir,  rf,  the  water  will  rush  up  the  moment  the 
bottle  is  removed.  \^Tien  this  motion  id  completed,  if  a  jar 
of  hydrogen  be  held  over  the  porous  oip,  the  water  will  l»c 
driven  down  with  great  rapidity,  and  a  number  of  air-bnb- 
bles  quickly  escape.  The  extraordimirj'  speed  with  wliifii 
a  gas  will  flow  in  and  out  of  pores  could  not  be  I*tter  dis- 
played. Tiiia  rapidity  of  motion  ia  an  element  with  which  ^^ 
the  jihysiologiftt  has  to  deal,  as  we  shall  presently  find. 

Even  when  the  teaturc  of  the  substance  ia  much  closer,  and  the  porea 
Diiiiiiirn  of  extreme  minuteness,  similar  results  can  l>e  obtained,  as  was 
ihroucli  In-  shown  in  the  experiments  of  Dr.  Mitchell,  of  Philadelphia,  who 
""'    employed  iHa  sheets  of  India-rubber,     If,  over  tlie  mouth  of 
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a  glass  bottle,  such  a  thin  tiaauc  be  tightly  tied,  ancE  the  bottle  placed 
in  an  attnosphere  of  carbonic  acid  gas,  movement  at  once  takes  place,  a 
little  air  flowing  out  of  tlie  bottle  into  the  carbonic  acid,  and  so  large  a 

qnantity  of  the  acid  passing  tiie  opposite  way 
that  the  India-rubber  soon  swells  outward, 
and  eventually  caps  the  bottle  like  a  dome,  as 
in  J^ig.  69,  at  b.  Or,  if  the  conditions  be  re- 
versed, the  bottle  being  filled  with  carbonic 
acid,  and  then  exposed  to  the  atmosphere,  the 
India-rubber  will  be  depressed,  aa  at  a,  and 
Stretch  so  as  almost  to  sink  to  the  bottom. 
Such  experiments  therefore  prove  that,  even 
though  barriers  of  a  very  close  texture  should 
intervene,  gasea  will  pass  through  them,  and 
with  so  much  force,  as  Dr.  Mitchell  showed,  that  many  inches  of  mercury 
may  be  lifted,  nor  does  the  movement  cease  until  the  gases  on  both  aides 
of  the  membrane  have  the  same  composition. 

Other  substances  having  a  close  texture  may  be  t!ms  rendiiy  permea- 
ted.    I  found  that  a  little  bladder  of  shellac,  blown  on  the  Cxpi^Himjnta 
end  of  a  glaga  tube,  permitted  the  passage  of  the  vapqr  arig-  ^"^^  ^j^ii,!!'^ 
'^j' '"  ing  irom  water  of  ammonia.     The  oii»- 

inBtantaneousncas  of  these  motions  is,  how- 
ever, most  Ijcautifiilly  illustrated  by  employ- 
ing soap-bubbles,  the  liquid  nature  of  which 
excludes  the  idea  of  pores  in  the  strict  aeeepta- 
tion  of  that  term.  If  a  bottle,  a  ri,  J^lg.  70,  be 
rinsed  co-t  with  ammonia,  and  then,  by  means 
of  a  piece  of  glass  tube,  A  b,  a  soap-bubble,  c, 
be  blown  therein,  the  air  trom  the  bubble  be- 
ing immediately  drawn  into  the  mouth  with- 
out a  moment's  delay,  the  strong  taste  of  the 
ammonia  is  perceived.  Or  if  a  rod,  dipped  in 
hydrochloric  acid,  be  presented  to  the  projecting  end  of  the  glass  tube, 
copious  white  fumes  arise.  This  therefore  shows  (hat  vapors  will  pass 
through  barriers  having  no  proper  porea,  the  transit  taking  place  instan- 
taneously. 

Soap  films  enable  us  to  demonstrate  the  endosmosis  of  gases  in  a  very 
advantageous  manner,  owing  to  thetr  cobesiveneas  and  thinness.  If  the 
finger  be  dipped  in  soap-water,  and  then  rapidly  passed  over  the  mouth 
of  an  empty  bottle,  so  as  to  leave  a  horizontal  film  attached  acrosi?.  on 
exposing  the  bottle  to  carbonic  acid  gas,  the  horizontality  of  the  film  is 
immediately  disturbed,  and  it  soon  swella  up  into  an  almost  spherical 
dome.     Or  if  the  bottle  be  filled  with  carbonic  acid,  and  then  exposed 
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to  the  nir,  the  tiliii  is  promptly  depressed  into  a  deep  concavity,  and 
bursts.  By  these  metlioda  the  passage  of  nil  kindg  of  vapor$  and  eABt» 
may  be  demonstrated,  o:cygcn,  hydrogen,  carbonic  acid,  protoxide  of  ni- 
trogen, the  vapors  of  peppermint,  lavender,  and  various  essential  oils. 

By  many  experiments  on  such  diJVcrent  substances,  I  found  that  the 
L*wofp  uilib-  '"^^'  of  equilibrium  for  gases  and  vapors  is  the  same  as  for 
Tium,  nnd  ex-  liquids.  No  matter  wJiat  thc  tliickneBs  or  thinness  ofa[>o- 
""pi^*"  '^-  j-^yg  barrier  may  be,  movement  takes  place  through  it,  un- 
til the  media  on  its  opposite  sides  have  the  sume  chemical  cotnpoaition. 
Tlio  observed  action,  in  particular  cases,  iivill  therefore  altogclhct  depend 
on  the  ci re uni stances  under  which  the  experiment  is  iiindc.  A  soai>-bub- 
ble  full  of  carbonic  acidj  exposed  to  the  air  in  a  closed  bottle,  collapses 
only  to  a  certain  extent,  when  the  pereenlage  constitution  of  the  air  it 
conlains  is  the  same  as  that  of  the  air  in  the  bottle,  coutamiiinted  with 
the  carbonic  acid  which  the  bubble  has  yielded  it.  liut  if  tlic  bubble  be 
exposed  to  the  free  atmosphere,  it  collapaes  almost  conipletely,  for  now 
the  carbonic  acid  cscaiwa.  finally  away. 

One  of  the  most  inteiesting  facts  connected  witli  these  results  is  the 
AttionthMU'h  I^^^*^^*  manner  in  which  a  film  of  cxccsaivc  tenuity  wiU  dia- 
filrnB  uf  Lj.  charge  tlieac  mechanical  fmictions.  With  a  little  carC,  a 
trunn- tcnii  ij .    ^^^^^  ^^^.  -^^  obtained  so  thin  as  to  be  invisible  except  In 

certain  lights,  whtn  it  presents  a  velvety  black  aspect.  In  llus  condi- 
tion, as  Neu'ton  has  proved,  it  is  not  tiilcker  than  three  cigliLlis  of  a 
millionth  of  an  inch,  yet  endosmosia  takes  place  perfectly  through  it:  it 
expands  and  collapses,  rises  up  into  a  dome,  or  is  ileprcsscil  into  a  con- 
cavity, aa  the  circumstances  of  its  exposure  may  be.  And  this  should 
prcpai-e  113  to  admit  tliat  in  organic  tissues  of  the  utmost  degree  of  tenu- 
ity these  physical  phenomena  may  occur,  and  that  even  under  these  moat 
Unlikely  circumstances  such  tissues  may  give  origin  to  niechantcai  foit;ee 
of  the  greatest  intensity,  as  we  shall  now  prove. 

Groliam'fi  hnv  of  the  diffusion  of  gases  has  but  a  >ery  limited  physio- 
I  lipiiiiiiiv  ^"g^'^^-'^  application.  The  introduction  of  it  in  cases  to  wliich 
Df  OritwuM'B  "  it  does  not  properly  apply  has  led  to  several  errore.  There 
**''  is  nothing  common  in  die  result  of  the  movement  of  gases 

exposed  freely  to  one  anotlier,  and  exposed  with  the  tntervexition  of  a 
close-pored  tissue.  The  tissue  itself  gives  origin  to  mefbanicaf  force  of 
such  intensity  as  not  Only  to  modify  tlie  diffusion  rate,  but,  in  a  great 
many  of  the  most  important  cases,  absolutely  to  invert  the  direction  of 
the  motion.  Tiius.  through  a  stucco  plug,  in  wliich  the  jxitca  are.  of 
sensible  size,  atmospheric  air  passes  more  rapidly  to  carbonic  acid  than 
carbonic  acid  does  to  it,  but  tlirough  the  thinnest  Him  of  water  just  the 
reverse  takes  place.  A  bubble  fiJI  of  that  acid,  exposed  to  the  uir,  letB 
it  tacape  with  bo  much  rapidity  that  in  a  few  momenta  a  complete  col- 
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lapse  lias  occiirred.     If  the  law  of  <lLftVision  Lere  iield  gocwi,  the  bubble 
should  rapidly  distend. 

Moist  membranes  and  films  of  water,  by  reason  of  their  chemical  affin- 
ity for  giiaeous  substimces,  and  their  consequent  condensing  _     ,     . 
action,  become  lUe  origin  of  great  mechanieal  power.     Under  Uon  of  mem- 
such  coiiditious,  I  have  seen  KU-boiiic  acid  pass  into  atmos-    ""'^*' 
(iheric  air,  driveiit  aa  it  were,  by  the  action  of  tlic  membrane  against  a 
pressure  of  ten  atmospheres,  and  sidplmrcted  hydrogen  a^inst  a  pres- 
sure of  tircnty-tive  atmospheres,  and,  even  against  these  grMt  resistances, 
the  passage  is  accompli-'ihed  willt  so  much  promptness  aa  to  lead  to  the 
iuicicnce  that  a  membrane  Trill  cause  one  gas  to  difl'uae  into  another,  even 
though  the  apparent  resistance  Ixr  indefiuitely  great. 
pia-  n  In  J^'y.  71  ia  given  a.  representation  of  the  arrangement  by 

whirli  these  results  wore  obtained.  It  consists  of  a  strong 
glass  tube,  seven  inches  or  more  in  length  and  half  an  in<^'h  in 
diameter,  hermetically  closed  at  one  end,  tlirough  which  a  pair 
of  plntina  ■wires,  S,  (\  pass  into  the  interior  of  the  tube  pttrallel 
bnt  not  tpuching.  The  other  end,  a  n,  hits  n  Up  or  rim  turned 
on  it.  Between  the  ^datina  ivires,  a  gauge-tube,  d,  is  dropped, 
to  show  the  amount  of  condensation.  Ou  the  top  of  the  gauge- 
tube  a  small  test-tube,/',  is  plat-eil,  to  contain  a  reagent  suited 
to  the  gas  under  trial,  as  lime-water  for  carbonic  acid^  acetate 
of  lead  fnr  siUphuretrd  hydrogen,  litmus-water  for  sulphurous 
acid.  Sometimes,  instead  of  iIua  test-tube,  a  piece  of  paper, 
soaked  in  the  proper  reagent,  was  employed.  The  |,i(.aj„p„  o(  Uic 
large  tube  was  then  tilled  with  water  to  the  height  r^w  "f  infii- 
^  t.  Its  lip  or  rim,  U  a^  being  next  smeared  with 
burnt  India-nibber,  to  injure  absolute  freedoni  from  leakage, 
''^  a  tiiin  sheet  of  India-rubljer  ivas  tie<l  tightly  over  if,  and  over 
iaflnraUDiL  this  again,  to  give  strength,  a  I'ery  atout  piece  ot  suk.  hivery 
thing  being  thus  arranged,  the  pTOJecting  wires,  i,  t;  were  connected  with 
a  voltaic  pile,  decomposition  of  the  water  ensued,  osygen  and  hydrogen 
being  disengaged,  and  a  condensed  mixture  of  atmospheric  air  and  those 
gases  accumuhited  In  the  spate  a  u  e  t\  the  gange-lulie  showing  the  ex- 
tent to  which  the  condensation  had  gone.  Now  if  the  little  tube,/!!  had 
been  filled  previously  with  lime-water,  and  the  whole  arrangement  was 
introduced  into  a  jar  of  carbonic  acid  ^s,  the  up]>er  part  of  the  limQ- 
walcr  presently  beauue  milky,  and  after  a  time  a  cnjiious  precipitate  of 
rbonate  of  lime  subsided.  This  would  readily  take  place  when  the 
"gauge  was  indiealing  a  pressure  of  ten  atmosplieres.  In  like  mamier, 
when  a  piece  oi  ]3aper  imbued  with  carbonate  of  lend  had  been  introduced 
into  the  tube,  and  a  pressure  of  24i  atmospheres  accumulated,  on  intro- 
ducing the  instnunent  intQ  a  vessel  of  fiulplmreted  hydrogen,  the  paper 
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quickly  became  brown.  So  Fulphureted  hydrogen  can  pnaa  through  a 
sheet  of  India-nibl>er  and  diffuae  into  nn  atinoBjiheTe  of  oxygon,  hydro- 
gen, and  alrnospheric  nir  beyoml,  though  It  Ja  resisted  by  a  presaxure  equal 
to  that  of  800  feet  of  water. 

The  method  of  conderaation  here  employed,  because  of  its  freedom  from 
medianical  concusaione,  enabled  me  to  continue  these  rORparches  ni)  to 
preasurcR  of  50  atmospheres  without  leakage,  in  comparaliveEy  slender 
tubea,  aiid  even  under  these  circumatances  gaseous  ditliision  swined  to 
take  place  witliont  any  restraint. 

It  would  lead  me  too  for  from  my  present  object  to  purane  the  con- 
fitdemtion  of  these  facts,  and  I  must  therefore  be  content  to 
conii.pi:wil  witU  refer  the  reader  to  the  memoirg  lu  which  they  have  been  spe- 
'"'■  cially  discussed-"     It  is  sufficient  to  undersland,  1st.  That 

gases  simply  exposed  to  each  other  Inter-dilfuse  with  great  rapidity,  and 
at  a  rate  inversely  proportioned  to  the  square  root  of  their  densities ;  2d. 
That  the  same  takes  place  through  stucco  plugs,  or  diaphragma  with  open 
pores ;  3d.  That  a  gas  dissolved  in  a  Hquid,  or  held  in  a  condensed  state 
by  a  solid  maws,  will  exchange  by  inter-diffusion  with  any  atmosphere 
to  which  it  may  be  exposed^  in  these  cases  the  liquid  or  the  solid  tmass 
becoming  a  source  of  force  ;  4tli.  That  through  a  liquid,  which,  of  course, 
has  no  pores,  gasea  arranged  on  its  opjKiBitc  sides  will  difiuse,  but  their 
rate  is  no  longer  expressed  by  Grraliam's  law:;  5th.  Tliat  a  licpiid  hold- 
ing ft  gas  in  solution  permits  it  to  diffuse  with  another  gas  held  by  an- 
other liquid  in  solution. 

On  the  tirst  of  these  principles,  the  fresh  au?  of  the  bronchial  lubes  ex- 
changes with  the  respired  air  of  the  pulmonary  cells,  the  case  being  tliat 
of  a  gna  exposed  to  a  gas.  On  the  third  of  these  principles,  arterializa- 
tion  of  the  blood  takes  place,  the  case  being  that  of  a  dissolved  gas  ex- 
changing with  a  free  gas;  and  on  the  fifth  of  these  principles,  aquatic  or 
gill  respiration  depends,  the  case  being  that  of  n  dissolved  gaa  exchang- 
ing with  another  disBolve^l  gas. 

Under  its  simplest  aspect,  thfe  act  of  breathing  consiats  in  the  elimina- 
tion of  carbonic  acid  from  the  system,  and  the  introduction 

Vanons   rarms  _  ■'_ 

of  wipiratory  of  oxygen.  Tlic  manner  in  which  the  rc5]nratoiy  surface 
"^     *"  frees  itself  from  the  formej,  and  scctirea  new  fiupplles  of  the 

latter,  differs  very  greatly.  Li  the  lower  orders  wlucli  lead  an  aquatic 
life,  currents  are  established  in  the  water  by  the  aid  of  cilian'  motion,  and 
by  theye  the  necessary  cliangea  arc  made.  In  others,  in  which  respira- 
tion is  conducted  by  the  skin,  incessnnt  locomotion  is  relied  on ;  and 
apiin,  in  otiierg,  the  water  is  drawn  into  the  stomach  and  intestina]  canal. 
and  c^'erv  part  bathed  with  the  aerating  mcdiTim. 

In  insects,  the  type  of  carrying  air  to  the  blood  is  dereloped  to  the  ut- 
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most  degree,  there  being  great  numbers  of  tracheal  tubes  pervading  all 
the  soft  parts.  These  occasionally  present  dilatatigiis,  acting  as  reser- 
voirs— tiie  tbreshailowing^  of  the  respiratory  cavities  of  the  higher  tribes. 
Of  such,  Fig.  72,  representing  the  air-sacH  or  tracheal  diiatatioiia  of  the 
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scolia  hortomm,  is  an  iliustration.  ITie  tracheal  lubes 
communicate  with  the  external  air  through  openings  which 
maybe  obstructed  by  a  valvular  arrangetnenti  as  represented  -avFig.  73. 
The  photograph  from  which  this  figure  was  taken  shows  such  a  spiracle 
magnified  75  diameters.  These  organs  may  he  seen  arranged  ui  rows 
on  eacli  side  of  the  body  j  thus,  in  the  common  caterpillar,  there  are  ten 
pairs.  The  mode  of  guarding  the  orifice  varies  in  different  cases,  aome- 
tinies  tnfts  of  hair  being  resorted  to,  and  sometimes,  as  in  the  figure, 
vjUvea. 

The  tnic  lung  is  first  recognized  in  the  a-wimmin^  bladder  of  fishes  as 
«  eimple  aac.  In  the  carp,  tlie  tendency  to  a  multi-chambered  construc- 
tion already  appears  under  the  form  of  two  such  bladders,  a,  i,  commani- 
^'9-  "'^  .  eating  with  each  oth- 

er through  a  narrow 
tube.     These  are  con- 
nected with  tliG  ccaoph- 
■^~.>,.^  agus,  0,  by  means  of 

being  thus  enabled  to 
remove  at  pleasure  a  part  of  the  air  contained  in  the  sacs  by  muscular 
conipre*ftion.  Though  this  mechanism  is,  as  we  have  aaid,  a  nidimeut- 
ory  lung,  it  does  not  properly  subserve  the  duty  of  such  an  organ,  but  is 
employed  for  producing  varialiona  in  tlie  specific  gravity  of  the  animal 
by  compression  or  rarefjKtiori  of  the  i]icluded  air.  In  these  HespirBtign  of 
tribes  the  giUa  are  the  mechanism  for  aeration,  which  ia  ao-  ^^^' 
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complished  in  the  following  mannfj- :  The  mouth  la  periodically  filled 
with  water,  which  is  driven  past  the  giUa  l>y  miiHcular  coniprpasion,  and 
thereby  llie  carbonic  acid  is  removed  from  the  blood  which  circulates  in 
those  organB,  and  oxygen  is  obtained  in  return.  For  this  reason,  a  tish 
dies  very  quickly  when  its  mouth  is  kept  open.  The  angler  knows  that 
it  is  not  owing  to  any  loss  of  blood,  nor  to  any  injurioua  lesion  that  the 
hooJt  niay  caiiae,  but  simply  tii  suffocation,  the  ivater  no  longer  lifting  the 
gill  cover;*,  but  merely  ])asaing  out  through  the  opea  mouth. 

The.  esperinienta  of  Humboldt  uiiil  Proven^l  clearly  demonstrate  tlie 
analogy  lictwecii  af|uatic  and  aerial  respirations;  for  water  is  not  de- 
composed by  the  breathing  of  iisbea :  it  is  the  air  dissolved  in  it  tliat  is 
used.  In  the  sample  examined  by  these  cheniisis,  there  was  20.3  per 
cent,  of  its  volume  of  air,  consisting  of  oxygen  29.8,  nitrogen  6G.2,  and 
carbonic  acid  4.0,  in  the  hundred  parts.  After  the  tishca  had  remained 
in  it  for  a  due  time,  it  gtill  contained  17.6  per  cent,  of  its  volume  of  air, 
but  tliia  ill  100  piirta  now  consisted  of  oxygen  2.3,  nitrogen  63.9,  and 
carbonic  acid  3.t.8.  There  had  therefore  bee;n  a  consumption  of  oxygen 
and  evolution  of  carbonic  acid,  together  with  a  slight  removal  of  nitrogen, 
(his  being  the  general  result  witnessed  in  aerial  reB|nration.  In  n  sim- 
ilar course  of  esiTcrimcnts  on  the  breathing  e»f  gohl  Hsiics, 
made  I>y  myself,  the  reaidt  correspond;^  to  the  preceding 
Statement,  only  the  water  I  need  was  richer  in  oxygen  gas, 
and  the  tninEtpoKition  into  carbonic  acid  did  not  eecm  by 
any  means  to  Le  go  complete,  I  also  remarked  the  anme 
diminution  in  the  quantity  of  nitrogen,  but  am  disiroscd  to 
ftttribate  it  not  80  much  to  the  consumption  of  that  gas  hy 
the  Hshcs  as  to  its  ditfusion  from  the  water  into  the  atino- 
sphere,  the  Bolvent  power  having  changed  by  the  sub&titu- 
tion  of  carbonic  acid  for  osvgen. 

In  reptiles  the  Inn^  presents  the  Pac-like  fonn,  as  in  .f '17. 
RMpiration  ot  75,  &  pulmonary  artery  passing  on  one  side, 
repUlL-s,  gi^j  jj  pulmOnaiy  vein  reluming  on  the  other: 

a  i&  the  trachea :  i,  its  bifurcation ;  c,  pnlmonary  artcn- ; 
d,  d,  pulmonary  vein.  It  often  occurs  that  the  two  lungs 
are  not  equally  developed,  one  of  them.  B,  bein;^'  rudiment- 
ary as  compared  with  the  other,  A.  Into  such  a  sac  in  ser- 
pents the  air  is  forced  hy  muscular  contraction,  a  kind  of 
swallowing.  It  is  exjicUed  from  them  hy  the  contraction 
of  the  nbdominnl  muscles,  and  hence  the  hissing  sound 
which  it  emits  during  its  expulsion.  From  the  simple  src 
to  the  cellular  lung  the  advance  ia  made  by  degrees,  a  de- 
velopment of  parietal  cella  upon  the  inner  surtace  taking 
place.     At  the  intermediate  stage,  between  the  simple  sac    Liu.r oireptita, j 
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and  the  higlily  subdivided  respiratoiy  organ  of  the  tnsmiHals,  the  condi- 
j'lo-U'  tion  ot'  things  is  well  illustrated  by  tlic  lungs 

of  the  trog.     In  J^ig.  70,  a  is  the  hyoid  appa^ 
rfitufi;  b,  cartilaginous  ring  at  tlie  root  of  the 
lungs ;  ic,  thft  pubiionary  vessels ;  and  d,  d^  the 
pidmonar)'  sacs. 
')■{  ■',■,  Of  all  tribes,  the  respiratory  nieohamsm  is 

^y^'-'i:-    '""^^   tiighly  developed   iii   birds,  R,,.,pi«,irtn  of 
■     '  \ '.    T¥liich,  besides  being  provided  witii  '"'**■ 

',  lungs,  have  air-sacs  tjctwetfti  [he  masclea,  and 
ik'-',,\\hs   respiratory  membranes  spread  on  tho  interior 
,   of  llie  hollow  bones.     It  is  in  consequence  of 
this  that  a  bird  is  killed  so  refldily,  even  by  a 
Lunei  ui  in.jf.  ygjy  small  sliot,  since  it  is  scarcely  possible  to 

'make  a  perforation  into  any  part  of  the  body  without  opening  the  respi- 
ratory cavity. 

In,  man,  the  bronchial  tube,  as  it  passes  into  each  lung,  branches  forth 

like  A  tree,  the  walls  of  the  tubelets  tbua  arising  having  car- 
...  .    -     I-  1  ■  LiiiiBs  of  man. 

tUaginous  rings  to  preserve  their  lomi  under  compression, 

circular  oi^nic  muscular  fibres  to  enable  them  to  ■contract,  and  longitu- 
jffitudijial  fusees  of  elastic  tifisnc  to  shorten  them  after  ejttensLon.  lu 
their  interior  they  sre  covered  with  mncoua  membrane  provided  witli 
cilia?.  Wlien  the  proper  degree  of  minutenesg,  about  -^  of  an  ineh,  is 
rcarhed,  they  consist  alone  of  clastic  mcrabrane,  interspersed  with  mus- 
cular ftbrej,  and  upon  their  sides  the  air-cella  open ;  somctiraca  single 
ones,  or  sometimes  many  cells  communicating  with  one  another,  discharge 
through  tbt*  »a.me  orifice,  ttie  tubelet  itself  ending  in  a  cell.  Tlie  air- 
cella  have  various  dhnensiona,  from  ^  to  i-sVu  ^^  **"  inch.  Their  struc- 
ture is  like  that  of  the  tubelet.  The  pulmonary  cjtpillaries  are  spread 
so  closely  upon  them  that  the  spaces  between  them  are  les.'^  than  tlieir 
own  diameters,  which,  on  an  average,  are  ^^^Vs  o*"^"  ineh.  As  the  cells 
are  close  together,  the  blood-vessels  passing  between  them  are  brought 
in  Mmnmnication  with  tho  air  on  both  side»,  and  arterialization  is  thus 
rapidly  and  completely  pcrfomied.  Each  tubelet,  with  the  air-cells  thus 
clustered  upon  it,  ia  a  miniature  representation  of  the  litng  of  a  reptile. 
These  cells  themselves  eomnmnicate  by  lateral  apertures  with  one  an- 
otlxer-  The  jnembranc  which  lines  their  interior  is  siiarply  folded  at  the 
apertures,  and  there  are  reasons  for  supposing  that  it  contains  organic 
iDuscnlar  tibres.  It  is  stated  that  cacli  terminal  bronchus  has  nearly 
20.000  air-cella  clustered  upon  it,  and  that  tlie  total  number  is  GOO 
millions. 

The  mode  of  distribution  of  the  air-tubes  is  represented  in  J^^ig.  77. 
4i  is  tbe  larynx;  b  6,  the  trachea,  the  upper  letter  corresponding  to  the 
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i  CfOieled  brondiujs ;  d,  the  riglit  bronchus ;  e,f,  g,  its 
hi  the  ri^t  Ixmgtjj,'  h,  i,  ramitications  o(  tlie  left  bron- 
tW  kft  hats,  '^  ^' 


»%■«. 


F-n.  ri 


lluiwi  alr-miieik 
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/ly.  735,  arrangement  of  tlie  heart  and  litngs,  the  latter  in  part  eection. 
1,  left  Buriclc  of  the  heitrt;  2,  right  auTicle;  3,  left  ventricle;  4,  rieht 
^"enlru•lc;  rj,  pnlmoniary  artery ;  0,  aorta;  7,  superior  vena  cava;  8,  in- 
noniiniit«:  fl,  left  priniitivo  carotid ;  10,  left  BubdaTian» ;  11, 13,  upper 
nnps  of  trHclicn  and  cirtilagea  of  the  lar>iix;  13,  upper  lobe  of  ri^t 
lun^:  U,  ujipiT  lobe  of  left  lung;  15,  right  pulmonary  arieiy;  16.16, 
lower  lobw  of  lung^. 

J^i'g,  79  illustrates  the  manner  of 
distribution  of  blood-vessels  on  the 
air-cells  of  the  lungs. 

As  thf?  blood  to  be  artcriafixed 
])asse3  tlirongh  tlie  pulmonary  cufiil- 
hiries,  ita  discs  can  only  move  in  sin- 
gle tiles,  and  even  then  probably  wi- 
deigo  a  compi^sjiion  which  <:ji>D^ 
their  fonn.  As  soon,  howemr,  w 
they  escape  into  the  larger 
their  elasticity  enables  them  to 
w«ih.u«n..f..Hii*i.' i,v,iuuiih.i«s*.  cr  their  original  shape. 

Bv  ihc  aid  of  this  elaborately  constructed  mechanism  the  air  i»  Woo^t 
T\«—«t«jr— tn  *°  ^'"^  blood.  There  are  three  distinct  stages  tluwigh  «1^ 
itwMrvdne^  it  lias  to  pass.  Tlie  first  is  the  Blling  of  the  tncfaaa  aad 
"*  juiwr  raauHcatioiis  of  the  bronchia]  tubes:  this  18  acoom* 

ikiiit»>]  by  atmoeplicric  preseure,  brought  into  play  by  maacnlar  csOBlBe- 
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tion.  Tha  second  atage  is  the  traiiBlation  of  the  Iresh  air  from  the  larger 
broncliial  tubes  to  the  ultimate  air-cells:  this  is  accomplisbeil  on  the 
principie  of  gaaeous  diffusion.  The  third  stage  J9  the  passage  from  the 
air^elia  into  the  blood;  ttiia  is  through  the  wall  of  the  cell,  the  wall  ot 
the  blood-vessel,  and  the  sac  of  the  blood  disc;  it  involves  passage 
tlirough  meuibranes,  and  implica  tlipir  condensing;  action.  Each  of  these 
three  alages  we  have  now  to  consider. 

1st.  The  introdnctioii  of  tresh  air  into  the  trachea  and  larger  ramifi- 
cations of  tiie  bronchial  tubes  is  accomplished  by  muacalar  _.  . 
contraction,  which  calL*  into  operation  almospheric  pressure,  prensuro  or  ih<- 
In  tranquil  respiration  the  diaphragm  is  nearly  suiBciertt  for 
tbis  purpose.  This  niuuclc-,  forming  the  convex  floor  of  the  chest,  »s  soon 
SB  it  contracts,  assumes  more  nearly  a  plane  figure,  thereby  increasing 
the  content  of  that  cavity;  and,  Just  as  in  a  common  bellows,  when  the 
lower  board  is  depressed,  llie  air  tiowa.  in  through  the  pipe,  so,  on  the  de- 
scent of  the  diaphragm,  the  air  ttows  in  througli  the  trachea,  forced  by 
ihe  external  prcsaure. 

An  experimental  illustration  of  the  manner  in 
which  the  L-ir  is  Introduced  into  the  cavity  of  the 
lunge  by  the  descent  of  the  floor  of  the  chest, 
and  then  expelled  by  its  elevation,  is  represented 
in  Fiy.  80,  in  which  a  a  is  a  tube  of  glass  half 
aa  inch  or  more  in  diameter,  and  six  or  eight 
inches  long,  to  the  lower  end  of  which  a  blad- 
der, b,  is  tightly  attached.  The  tube  is  passed 
lliTough  the  neck  of  a  bell-jar,  c  c,  air  tiglit.  A 
large  glass  reseri^oir  of  utiter,  tilled  to  the  height 
d  (/,  receives  the  bell-jar,  a»  aliown  in  the  figure. 
When  the  jar  is  depressed  in  the  water  the  lur 
ia  expelled  from  the  bladder,  and  when  the  jar 
ia  raised  the  air  flows  in.  By  alteniateiy  ele- 
vating and  depressing  the  bell,  the  bladder  exe- 
cutes movements  like  those  of  the  lungs,  of  which, 
indeed,  it  is  a  representation;  the  glass  tube  be- 
ing the  trachea,  the  l)ell-jar  tiiewallfl  of  the  cheat, 
*nd  the  rising  and  falling  water-level  the  rising 
In  this  illustration  the  bladder  is,  of  cour.'*e,  per- 
fectly passive,  as  was  at  one  time  supposed  to  be  the  case  with  the  lungs : 
an  erroneous  opinion,  which  will  presently  be  corretrted. 

In  the  mature  period  of  life,  and  especially  in  deep  respiration,  the  ac- 
tion of  the  diaphragm  is  iusutlicient  for  the  introduction  of  air,  Mj^n^ofin- 
and  a  still  farther  volume  ie  obtained  by  raising  the  ribs,  which  trodHcing  the 
incrtyises  ihc  dimensions  of  the  chest  from  right  to  leftr  wxl 
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also  from  front  to  back.  In  men,  tliis  effect  takes  place  more  particular- 
ly through  ihe  movements  of  the  lower  ribs,  and  this  fonn  of  respiration 
ia  therefore  sometimes  caiJe<l  the  inferior-costal;  but  in  women  the  upper 
ribs  arc  more  movable,  tiic  tlihitation  of  the  chest  is  there  greater,  and 
the  respiration  therefore  detiigiiuted  as  tlie  miprrior- costal.  In  ihcsr 
movements  of  the  riba,  and  eapcdally  in  violent  respiration,  many  mus- 
cles are  involved. 

In  the  reverse  act,  that  is,  in  expiration,  or  th^  expulsion  of  nir  through 
the  trachea,  tlie  floor  of  the  chest  ia  raided.  The  diaphragm,  wlicn  it 
contracted,  made  pressure  upon  (he  viscera  of  the  abdomen,  and  furced 
the  muscular  walls  of  that  cavity  outward ;  bnt,  sia  soon  as  the  dlapliragm 
relaxes,  tlie  abdominal  muscles  contract,  and  thus  an  antagonizing  force 
18  originated  which  tends  to  cx\ie\  the  air.  In  this  the  elasticity  of  the 
lungs  and  of  the  walla  of  the  thorax  itself  aftbrda  a  great  assistance. 
Owing  to  this  elasticity,  the  muscular  exertion  re<juired  for  the  introduo- 
lion  of  the  air  greatly  cxcecda  that  required  for  its  expulsion. 

In  tranquil  respiration,  we  may  regard  the  changing  of  the  air  to  be 
accomplished  by  tlic  alternate  depression  and  elevation  of  the  diaphrag- 
matic floor  of  the  chest,  (In  an  average,  this  takes  place  17  times  in  a 
minute*  and  in  an  adult  of  the  standard  size  we  may  assume  that  17 
cubic  inches  of  air  iure  introduced  at  each  int^piration.  Every  fifth  breath 
ia  usually  deejwr  than  the  preceding  four.  The  statement  often  made^ 
that  five  pulsations  correspond  to  one  respiration,  must  be  received  with 
a  certain  i-cstriction.  In  pneumonia,  the  respirations  maybe  to  the  pul- 
sations as  1  to  2 ;  in  typhoid  fevers,  as  1  to  S  ;  and  even  in  a  state  of 
health  th<cro  may  bo  considerable  variations. 

By  muscular  movemcnta,  which  thus  call  into  action  atmospheric  pres- 
sure, the  air  i^  drawn,  but  not  forced,  into  tlie  respiratory  apparatus. 
Considering,  however,  the  solid  contents  of  the  lungs,  which  can  not  be 
taken  at  leas  than  200  cubic  inches,  it  is  clear  thai  the  amount  is  not 
more  than  sufficient  to  fill  the  nasal  passages,  the  trachea,  and  the  lai^r 
ramitications  of  the  bronchial  tubes.  Lying  nearest  to  the  outlet,  it 
would  be  the  first  to  be  cx[>elled  by  the  act  of  expiration.  There  could 
be  no  exchange  of  the  fresh  for  the  foul  air,  unless  some  additional  means 
were  employed  for  accomplishing  its  transference  from  the  larger  ramifi- 
cations of  the  bronchial  tul>cs  to  the  remotest  air-cella. 

2d.  The  trail .«ferencc  of  fresh  air  to  fho  cells  is  accomplished  by  re- 
:^ortiiig  to  two  different  principles,  the  diflusion  of  free  gases  into  one  on- 
uihcr,  and  muscular  contraction. 

An  eatimate  of  the  relative  eliare  which  each  of  these  fakes  is  arrived 
F.lfeei  *r  gaw-  at  by  an  examination  of  the  absolute  velocity  with  which 
"iB^IJ^Si'k  P"^  diffuse  into  one  another.  The  statement  that  gases 
lAnM^icfiiirH.    act  ns  vacua  to  each  other  ha?  led  to  some  Very  erroneous 
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oonclosions.  It  has  been  taken  for  granted  that  the  actual  diffusion  is 
rery  rapid,  fwrhapa  approacJiing  to  the  velocity  willi  which  gaees  rnsh 
into  a  void.  But  I  have  sliown"  that  this  la  altogether  a  niisconception, 
aii«l  that  tlic  tranait  of  fresh  air  from  tlie  bronchi,  eKdianging  with  foul 
air  from  the  cells,  if  conduL'ted  on  that  principle  alone,  would,  tcquire  a. 
period  greatly  beyond  the  time  occupied  for  one  respiratory  act,  which  is 
about  tlu^e  g^cOnda  and  a  half. 

To  an  additional  agent  we  must  theretbre  look  for  a  complete  explana- 
lioti,  and  this,  I  think,  is  presented  in  the  circular  orgnnie  tibn'S  of  the 
bronchial  tubes  and  cells.  It  has  long  been  iinderatood  that  these  pOB- 
sess  the  [Kiwer  of  varying  the  capacity  of  tlie  tubea. 

\Vifh  this  agency  in  >-iew,  thia  second  stage  of  the  process  is  accom- 
plished 33  follows  :  The  carbonic  acid,  vapor  of  water,  and  excess  of  ni- 
trogen, if  any,  that  have  accnmulated  in  the  cells  belonguig  to  any  given 
bronelml  tree,  arc  expelled  there-fronl  hy  the  muHcular  contraction  of  fhc 
circular  organic  fibres,  and  arc  delivered  into  tlie  larger  bronchial  tubes, 
in  which  diffusion  at  once  takes  place  with  the  air  just  introduced.  As 
soon  as  the  expiration  is  completed,  relaxation  of  the  musciJar  fibres  oc- 
cnrS'^  and  tlie  pa^^aagos  and  cells  dilating,  both  through  their  own  elastic- 
ity and  the  exhaustive  effect  arising  from  the  simultancouB  contraction  of 
Other  bronchial  trees,  fresh  air  is  drawn  into  thcni,  the  alternate  expulBion 
and  introduction  being  acconipli&lied  by  muscular  contraction  and  elas- 
ticity, the  dirtcrent  bronchial  trees  coming  into  action  at  different  periods; 
of  time,  Home  being  contracting  while  others  are  dilating. 

3d.  The  third  stage  is  the  passage  of  oxygen  from  the  cells  to  the  blood: 
it  ia  through  the  wall  of  the  cell,  the  wall  of  the  blood-vessel,  PMsnyia  of  m. 
and  the  sac  of  the  blood  disc.     The  carbonic  acid  issues  from  J^"  ^7"'^'' 
the  plasma,  and  passes  tlirough  the  wall  of  the  blood-vessel  to  ihe  blttgd. 
and  the  wall  of  the  cell. 

Many  physiologists  have  supposed  that  this  exchange  of  oxygen  for 
carbonic  acid  takes  place  on  the  principle  of  difiusion.  On  E^j^h^n^oj 
the  authority  of  Valentin  and  Brunner,  it  has  been  asserted  carijonic  »ci(i 
that  the  proportional  exchange  actually  observed  is  1174  of 
oxygen  fur  KXH)  of  carbonic  acid,  these  being  the  theoretical  quantities 
nnder  the  law  of  difFusion ;  but  there  ia  no  difficulty  in  proving  that  this 
is  a  physical  impossibility,  for  the  exchange  is  not  merely  that  of  oxy- 
gen and  carbonic  acid;,  it  is  much  more  complicMited.  The  lungs  regu- 
late tlie  quantity  of  free  nitrogCn  in  the  System,  and  there  is  a  constant 
escape  of  the  vapor  of  water.  These  bodies,  moreover,  are  not  present- 
ed in  the  gaseous  state,  but  in  that  of  liquid  solution ;  and  the  wall  of 
the  cell,  of  the  pulmonary  capillary,  and  of  the  blood  disc,  by  their  con- 
ileasiug  action,  totally  disturb  (he  conditions  of  diffiision. 
*  Amcric&Q  J^iimiBl  of  Mvi-  Sciem^a,  April,  liE^fi. 
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If  an  aqueo\i3  tilm,  not  more  than  tlirec  ei^htlia  of  a  millionth  of  an  inch 
in  thickness,  can  completely  disturb  the  law  of  diffiiaion  by  the  t'Otulens- 
ing  actioa  it  exerts  on  cartwuic  acid  and  oxygen,  wluit  may  be  expected 
from  the  moist  walla  of  the  Bir-cells  and  pulmonaiy  artery,  which  con- 
jointly must  be  more  than  a  thousand  timca  as  thick  if 

l*'roin  these  comphcations,  it  is  not  posaiblo  to  assign  any  definite  ratio 
as  expressing  the  gaacous  exchange  between  the  interior  of  the  cella  and 
the  blood,  for,  so  far  from  this  being  a  case  of  exchange  between  two  gas- 
es without  any  obstruction  intervening,  the  condition  undi-r  whieh  aloae 
the  law  of  diffiision  appliea,  the  nitrogen  Ih  doubtless  hi  a  state  of  boIq- 
tion  in  the  blood,  the  pteam  in  the  liquid  condition  of  water;  and  r^ 
epectmg  the  carbonic  acid,  notlung  cf^rtain  Is  known  whether  it  be  in  so- 
lution 01  chemically  combined.  Perhaps  it  is  united  witli  !*o*la  in  the 
blood  as  a  bi-carbonate.  From  this  latter  substance  hydrogen  gna  will 
expel  one  half  of  its  carbonic  acid,  and  in  like  manner  a  fttrcani  of  hy- 
drogen gas  passed  through  hloud  deprived  of  its  tibrin  removes  rarbonic 
acid.  Upon  such  principles  it  has  been  supposed  tliat  atmospherio  oxy- 
gen removes  carbonic  acid  from  tlie  blood  during  respiration,  just  as  would 
a  stream  of  hydrogen  rcnjove  half  the  acid  from  a  solution  of  bi-carbon- 
ate  of  soda. 

The  generation  of  carbonic  acid  in  the  syatem  is  commonly  localized 
PI  f  tba  ^y  ^^^'^'ig  '^  "^^  ^^^  ^'^'^  tissues.  But,  though  doubtless 
{^joi^ratiofg  ot  mnch  originates  in  this  way,  as  is  illustrated  by  the  case  of 
CM  oiim  au  ,  jjj^p(,jg^  jjj  vfhich  the  air  is  carried  directly  to  the  parenchjina 
of  the  wgans  without  the  intervention  of  any  proper  oxidizing  blood, 
there  can  bo  no  doubt  that  in  man,  as  in  all  the  higher  tribes,  a  very 
large  proportion  is  generated  in  the  blood  itself.  If  there  were  no  otbeT 
reason  to  bring  ua  to  this  conclusion,  it  would  be  gulficient  to  recall  that 
ultimate  oxidation  by  no  jneana  occurs  at  Once,  but  tliat  the  varioos 
wasted  products  pass  from  stage  to  stage  in  their  retrograde  career. 
Thua,  between  the  Byntonin  of  muscular  tibro  and  the  urea  of  the  tirine, 
many  steps  or  stages  intervene,  and  that  much  of  these  changes  is  ac- 
complished in  the  blood  itself  is  demonstrated  by  what  ocairs  In  the 
use  of  exccascs  of  starch,  albumen,  or  gelatine  in  iIlc  food.  Such  sub- 
Stances,  finding  access  through  the  absorbents  iti  a  mollified  form,  but  not 
wanted  for  the  repair  of  any  part,  are  dismissed  without  ever  enterinp 
into  the  composition  of  any  organ,  by  the  longs  or  the  kidneys  as  prod- 
ucts of  oxidation  or  derivatives  thereof. 

The  act  of  rcttpiration  in  man  is  therefore  accomplished  in  the  foUow- 
QenenL  iWte.  ing  way.  The  air,  introduced  by  atmospheric  pressure, 
p^wn  (rf  K«-  ^^''o^gh^  into  V^^y  ^'y  ^^'^  action  of  the  diaphragm  and  other 
piniiau.  respiratory  muBcIes,  fills  tlm  nasal  passages,  the  trachea,  and 

larger  r&mifications  of  the'  bronchial  tubes.     Between  it  and  the  gas 
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coming  from  tiie  pulmonary  veaJclca,  didtision  steadily  titkes  place,  tend- 
ing to  remove  the  cell  gas  into  the  atmosphere;  but  tliis  gas  ia  not 
brought  ironi  the  vesicles  by  diffusion  alone,  which  could  not  act  mth 
sufficient  speed,  but  by  the  contra'Ction  of  the  eircalar  crgaoic  muscles  oi^ 
the  bronchial  tubelets  and  of  th«  cells,  the  different  bronchial  trees  no^ 
acting  smiiiltiineously,  but  aueeeasively.  ^Vs  soon  as  contraction  is  over, 
the  tubes  expand  by  their  elasticity,  and  the  air  ia  drawn  into  the  cells, 
each  bronchial  tree^  by  it^  contraction,  aiding  the  expansion  of  the  adja- 
cent ones.  The  longs  are  therefore  not  altogether  paesivc  during  respi- 
lation,  a?  18  sotnetimes  said.  Tlie  exchange  between  the  gas  Iti  the  ceUa 
and  that  in  tlie  blood  does  not  take  place  throagh  simple  diffusion,  or  in 
quantities  proportional  to  the  diffusion  volumes  of  oxygen  and  carbonit: 
add.  It  is  a  complex  diffusion,  in  vi'hich  the  disturbances  arise  from  the 
gases  ui  the  blood  being  cither  dissolved  or  combined,  and  throagh  sev- 
eral intcn'ening  membranes,  that  of  the  air-cells,  that  of  the  pulmonary 
artery,  and  that  of  the  biooddisc,  all  of  wliich  exert  a  condensing  action, 
of  the  result  of  which  it  is  impossible  to  furnish  any  numerical  estimate. 
The  process  ends  by  the  expulsion  of  the  ibnl  air  whicli  has  accumulated 
in  the  larger  bronchi  and  trachea,  by  the  diminution  which  takes  place 
in  the  capacity'  o(  the  cbtst  during  expiration,  occasioned  by  the  contrac- 
tion of  the  expirjitory  luasdes,  the  elasticity  of  the  walla  of  the  chest, 
and  of  the  Imiga  themselves. 

Such  13  tlie  arrangement  by  which  fi-eah  air  is  constantly  presented  to 
the  blood,  and  the  gases  and  vapora  exhaling  from  it  arc  removed.  Tho 
degree  of  exhaustion  occurring  iii  the  chest  scarcely  justi+ica  the  ex- 
pression sometimes  used,  "a  tendency  to  a  vacuum,"  since  it  is  rarely 
more  tlian  competent  to  raise  water  a  single  inch.  This  may  be  readily 
proved  bv  dipping  a  glass  tube,  open  at  both  endis,  and  half  an  inch  in 
diameter,  into  a  cup  of  water,  and  placing  the  projecting  extremity  be- 
tween the  lips,  taking  care  to  keep  tiie  muscles  of  tlic  mouth  at  complete 
rest.  It  will  then  be  seen  that  at  each  inspiration  the  water  rises  about 
an  incli,  and  at  each  expiration  ts  depreased  to  a  similar  extent.  Its 
movements  indicate  the  degree  of  rarelaction  or  compreasion  occurring  in 
the  chest. 

It  has  been  found  convenient  to  consider  the  gaseous  contents  of  the 
lungs  under  sever,tl  different  titles:  1st.  The  residual  air  is  Divisions  of 
that  portion  which  can  not  be  removed  by  the  most  power-  ^ntr"^of"i]j„ 
liil  expiration ;  2d.  The  supplemental  air  remains  after  tran-  \uagt. 
qiiil  respiration,  but  can  be  removed  at  will;  S\\.  The  breathing  or  tidal 
air  ia  that  portion  which  changes  by  trajiquil  inapiration  and  expiration  ; 
4th.  The  complcmental  air  is  that  which  can  be  inhaled  by  the  deepest 
bispiration,  over  and  above  tlmt  introduced  by  ordinary  breathing. 
These  are  terms  introduced  by  Mr.  Jcftreys. 
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"The  amount  of  air  that  can  "be  ex|)eUed  by  the  deepest  expiration 
C«imrciiafl  bi«.  after  the  fullest  iiispiration"  heum  a  singular  i-elation  to  the 
lrr«nd''"™^  height  of  the  individuid,  as  was  discovered  by  Dr.  Hutch- 
height-  inson.  **■  For  every  inch  of  stature  from  tive  to  six  feet, 
ciglit  additional  cubic  inches  of  air  at  60'=*  Falir.  may  be  thus  given  out.** 
The  quantity  of  «ir  which  can  be  thus  expelled  for  the  stature  of  five  feet 
one  incli  ia  174  cubic  inches,  and  for  Bi:x  feet,  2&2.  It  is  independent  of 
the  absolute  capacity  of  the  cheat. 

The  diurnal  amount  of  air  introduced  into  the  lunga  has  been  variously 
y  .  .      estimated  from  226  to  399  cubic  feet.     A  part,  from  4  to  6 

changes  of  tbo  per  cent.,  of  the  oxygen  thus  introduced  disappears  In  ihe 
rcapire  gae.  jurigg^  and  the  expired  air  is  charged  witii  from  .?  to  5  per 
cent,  of  carbonic  acid.  But  that  nothing  analogous  to  combustion  occurs 
in  those  organs  is  proved  by  their  leniperatiire,  which  is  not  higher  tlmn 
that  of  Other  parts  of  the  system.  Moreqver,  carbonic  acid  can  be  with- 
drawn from  venous  blood  in  a  Torricellian  vacuum,  and  still  better  by 
agitating  the  blood  with  such  gases  as  hydrogen  and  nitrogen,  proving 
that  that  gas  pre-exists  in  the  venous  blood  before  its  entry  into  the 
lungs,  and  is  not  formed  in  thoso  organs^  unless,  indeed,  it  exists  a?  a  bi- 
cai'bonate,  aa  already  mentioned.  The  quantity  of  carbonic  acid  thus 
disengaged  is  less  than  the  quantity  of  oxygen  absorbed,  bctuiuse  mucli 
of  the  latter  is  consumed  in  the  production  of  sulphuric  and  phosphoric 
acida,  which  cBea|}c  in  tlie  urinary  secretion,  as  indeed  dooa  a  large  quan- 
tity of  carbonic  acid  itself. 

The  experiuienta  of  VJeronlt  show  that  the  expiration,  in  a  state  of 
Vioroivlt'B  ^st,  contains  4.334  per  cent,  of  carbonic  acid;  tliat^  as  tho 
expeninents.  number  of  reapirationB  per  minute  iitcreases,  the  percentage 
amount  of  carbonic  acid  diminishes ;  and  that  for  every  expiration,  with- 
out reference  to  its  duration,  there  is  a  constant  amount  of  carbonic  acid, 
namely,  2,5  per  cent.,  to  which  we  must  add  a  second  value,  expressing 
the  quantity  of  carbonic  acid,  and  which  is  exactly  proportional  to  the 
duration  of  the  respiration,  as  is  shown  in  the  following  tabic. 


H^BpfniMrjiiji           Pc'KcnUjie  of 
[icT  iiiluiik*.          cartK>nI«  cdd. 

ConmUiiU 

dDTBlloit  ot  till?  niaplriilioiL 

6 
12 

24 
4^ 
9« 

6.7 
4.1 

3.3 
2.0 
2.7 

9.S 

Z.6 
2.5 

S.5 

3.2 
l.fi 
0.6 

0.4 
0.2 

Vierordt  also  estimates  that,  for  the  entire  removal  of  the  cavbonic 
acid  from  the  blood,  more  than  three  hundred  respiratory  acts  per  minute 
would  be  reqnured.  To  some  extent,  the  depth  of  the  respiration  wiU 
compensate  for  want  of  frequency.  Thus  he  shows  that  in  an  expiration 
iif  double  the  Usual  volume]  the  q^Uantity  of  carbonic  acid  removed  is 
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nearly  equal  to  that  which  would  be  exhaled  by  respirations  of  three 
times  the  normal  frequency,  and  on  examining  a  single  respiration,  he 
demonstrates  whiit,  liowever,  would  -obviously  be  foreseen  from  a  coimld- 
eration  of  the  circumstances  of  the  case,  that  the  last  portions  of  the  ex- 
piration are  the  richest  in  carbonk  acid.  Thus  the  first  half  of  a  reapi- 
ration  contained  only  3.72  per  cent,  of  carbonic  acid,  the  last  half  5.44 
per  cent. 

With  respect  to  the  ratio  between  the  quantity  of  oxygen  inspired  and 
that  contatncil  in  the  expired  carbonic  acid,  a  variation  will  KaLj^of  ihoid 
be  observed,  dejicnding  on  many  conditions,  as,  for  example,  spired  mil  ei- 
on  the  nature  of  the  food.  Thiia,  with  a  carbohydtate,  tUe  ""'"^  "^'^''■ 
quantity  of  o.xygen  in  the  carbonic  acid  will  always  be  less  than  tlint  in- 
spired, a  portion  being  employed  in  the  destruction  of  tlie  systemic  nitro' 
genized  material  which  Is  undergoing  decay.  This  destruction  of  nitro- 
genizL'd  material  ia  not  sufficient  for  the  support  of  animal  heat,  and 
hence  either  carbohydrates  introduced  by  the  tbod,  or  fat  already  exist- 
ing in  the  system*  must  be  resorted  to  for  the  purpose  of  making  up  the 
deticicncy.  With  such  variations  in  the  requirements  of  the  system, 
and  variations  in  the  nature  of  the  food,  the  ratio  of  tlie  oxygen  intro- 
duced to  that  in  the  carbonic  acid  removed  must  ako  vaty. 

For  the  perfect  ojddatioti  of  the  dilierent  elements  of  food,  very  ditfer- 
cnt  quantities  of  oxygen  arc  required  i  thus,  for  the  oxidation  of  lUO 
parts  of  fat,  it  would  require  292.14  of  oxygen;  for  that  of  starchy  118.52; 
for  that  of  muscle,  147.04. 

For  reasons  to  be  considered  when  we  treat  of  the  production  of  heat, 
the  quantity  of  carbonic  acid  disengaged  varies  with  external  ViiriaiionFin 
circumstances.  When  the  weather  is  cold  it  is  greater  tlian  ifc  respired 
when  it  is  warm.  Thus  at  68^  there  is  twice  as  mnch  lib- 
erated afl  at  106'*.  It  increases  during  exercise  and  after  eating,  but 
diminiahca  during  sleep.  More  is  set  free  by  men  than  by  women ;  it 
also  varies  with  age,  the  proportion  rising  from  eight  years  to  thirty,  re- 
maining stationary  to  fort)-,  and  then  decUniiig.  It  changes  with  the 
frequency  of  the  respirations.  The  total  quantity  of  carbon  daily  re- 
moved by  respiration  may  be  estimated  at  eight  ounces. 

Besidea  the  carbonic  acid  removed,  a  large  quantity  of  water  13  ex- 
creted by  the  Iniigs,  for  tlie  expired  air  may  be  regarded  aa  wxprwmoveil 
saturated,  or  containing  the  maximum  quantity  of  water  for  "■  f«sri"<i*n. 
94^.  For  the  vaporization  of  this  water  much  heat  is  consumed,  as  is 
likewise  the  ease  for  the  warming  of  the  introduced  air,  which,  no  mat- 
ter what  the  external  temperature  may  have  been,  is  brought  to  that  of 
tlic  lungs. 

With  respect  to  the  absolute  amount  of  aircxpiredj  and  also  the  quan* 
tity  of  water  removed  by  the  lungs,  some  experiments  have  recently  been 
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tnade  by  my  sctIt  Dr.  J.  C.  Ihrapcr ;  the  principle  npon  which  they  were 
Quaniiivur.ir  cofducted  may  be  thus  briefly  stated.  The  air  from  the 
expired  per  lungs,  which  has  a  dinr-poLnt  of  94'^,  wsa  passed  by  a  wide 
"""'"'  tube  tlirough  a  metallic  condenser  kept  at  32'*,  care  being 

taken  to  have  as  little  obstruction  as  possible  to  its  egress.  The  weight 
of  the  water  collected  in  the  condenser  famished  the  means  of  calculating, 
by  a  simple  formulnt  the  quantity  of  air  which  had  been  expired,  for  the 
vapor,  leaving  the  respiratory  passages  at  94°,  and  that  leaving  the  con- 
denser at  32",  were  at  thdr  maximum  densities.  Computations  cse* 
cuted  upon  data  obtained  on  this  principle  furnish  the  tblloiving.  among 
other  interesting  results ; 

1.  On  making  Bixteen  respirations  in  the  minute,  and  continning  the 
esperiinent  for  twenty  minutes,  the  averago  of  five  different  seriea  of  ejc- 
perimcnta  gives  (322  cubic  inches  of  air  expired  each  minute. 

2.  On  making  sis  respirations  in  a  minute,  and  continuing  the  trial 
for  twenty  niinutes,  tlie  average  of  three  series  of  experiments  gives  fil  1 
cubic  inches  for  the  air  exptrei:l  each  minute. 

3.  On  making  thirty-three  respirations  in  a  minute,  and  continning  the 
experiment  for  twenty  minutes,  tite  average  amount  of  air  is  1077  cubic 
inches  for  the  air  expired  in  each  minnte. 

On  comparing  tiie^e  thn*  stntenicnts,  it  appenre  that,  the  first  repre- 
senting normal,  the  second  very  slow,  the  third  very  quick  respiration, 
the  absolute  amount  of  air  removed  from  the  lungs  is  dii^ctly  proportion- 
al to  the  number  of  respiratory  acts  in  a  given  period  of  time,  and  this 
notwithstanding  such  VHriations  in  the  depth  of  the  inspirations  as  un- 
der such  eircumstaneea  are  likely  to  occor. 

With  respect  to  the  quantity  of  water  removed  from  the  lungs,  he  also 
showB, 

.       ,     ,  4.  That,  at  an  atmospheric  temperature  of  55°,  the  dew- 

tor  exlinlnil  per  point  l>eing40"^,  the  number  ot  espimtiona  sixteen  per  mmute, 
mimiic.  ^^^  quantity  of  water  renaoved  per  minute  is  4.4U>  grains. 

6.  The  otlier  conditions  remaining  the  same,  but  the  respirations  re- 
dnced  to  six  per  minute,  the  amount  of  water  removed  per  tnintitc  is 
3.68G  grains. 

ti.  I'he  other  conditiona  remaining  aa  before,  but  the  number  of  res- 
pirations increased  to  thirty-three  per  minute,  the  amount  of  water  le- 
moved  per  minute  i«  7-o{iO  grains. 

From  these  statements  it  (fierefore  appears  that  the  quantity  of  water 
removfid  from  the  blood  by  rcLapitation  increases  with  the  frequency  of 
the  respiratory'  acts,  and  Una  notwitlistanding  variations  which,  under 
such  circumstances,  miis't  take  place  in  their  depth.  Theorclicatly,  it  is 
also  obvious  that  the  absolute  amount  thus  ejcpired  is  dependent  On  the 
I  existing  dew-point  of  the  air.     In  the  general  table,  given  on  page  15, 
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the  amount  of  water  is  calculated  from  Seguin'a  experiments,  but  it  ap- 
pears from  these  results,  wfiich  arc  obtained  by  a  much  more  accurate 
proc<?ii9,  that  the  number  tjiere  given  is  undoubtedly  too  higli. 

The  tiiiiB  of  exposure  of  tlie  blood  tq  the  air  is  ovilj  a  second  or  two. 
The  color  clianges,  as  has  been  described  before,  from  blue  to  criniEon, 
and  the  tempcriiture  rises  a  degree  or  two,  as  is  shown  bj^  an  examina- 
tion ot"  tlie  left  eavilics  of  the  heart.  The  water  thus  reniovcxl  is  not 
piirr,  but  contains  animal  matter  in  a  state  of  decay. 

Thoug'h  we  have  treated  of  the  act  of  respiration  as  consisting  of  two 
separate  and  consecutive  stages,  inspiration  aiid  expiration,  Rcs|;>lni(Wn  w 
in  reality  it  proceeds  continuously.  At  the.  respiratory  sur-  JI^'i'min'roML 
face,  which  is  the  wall  of  the  air-cfU,  the  paRSajje  of  oxygpn  ins- 
inward,  and  of  carlwnic  acid  and  stfiam  outward,  takes  place  in  a  steady 
and  unvarying  manner.  The  periodicity  under  which  it  has  been  conven- 
ient to  i^iwak  of  this  function  concerns  only  the  introduction  and  removal 
of  gases  from  the  large  air-ways. 

Considering,  therefore,  the  continnoaa  loss  of  wafer  whicli  the  venouB 
blood  lironglit  by  the  pxdmonary  arterial  branches  undergoes,  F,ireot  nf  Tcsf,i- 
it  must  give  rise  neces^varily  to  a  greater  dcnaitj'  in  the  blood  ?''^-"  ^''/JlT. 
on  the  left  side  as  compared  with  that  of  the  right  side  of  Uotyl.' 
the  heart.  The  total  qujuittty  of  Mood  passing  throug'h  the  lungs  in  one 
minute  is  225  ounces,  and  the  loss  of  water  from  this  in  the  same  time 
can  not  be  more  than  7  grains.  This,  therefore,  shows  that  the  actual 
loss  of  water  by  the  blood  during  ita  passage  over  the  air-cells  is  about 
y^^g-f;  part,  a  quantity  whicli  ip  altogether  inappreciable,  so  far  as  ita  in- 
duenee  on  the  specific  gravity  is  concerned,  and  showing  us  that  the  ob- 
servations which  some  experimenters  have  made  on  this  point,  with  a 
view  of  demonstrating  an  increased  Ppissitude,  density,  or  cohcsivcnesg 
of  the  blood  on  the  left  side  of  tlic  heait,  from  tlie  giving  up  of  lis  water 
as  it  passed  tlirough  the  respiratory  organ,  are  either  eaaggerated  or  ef- 
fected by  aome  deceptive  cause. 

The  introduetion  of  an  irrespirable  gas  into  the  lungs,  or  the  prevention 
of  the  access  of  the  atmosphere,  brings  tlie  circulation  of  the  Eireo^iorthein- 
blood  to  a  atop ;  for  that  movement  dejionds.,  as  I  have  shown,  [^Jl^l^Xie' 
on  the  aeration  taking  place  in  the  pulmonary  capillaries.  In  gaws. 
atjch  cases  there  will  be  an  engorgement  of  the  right  heart  and  vessels 
arising  therefrom,  but,  if  the  stoppage  has  not  lasted  too  long,  the  current 
may  be  re-established  by  re-establislilng  the  respiration.  Deatli  com- 
monly endues  on  an  exclusion  of  the  air  for  five  minutes,  and,  in  cases 
of  drowning.  It  ia  rare  for  restoration  to  be  effected  if  the  immersion  has 
lasted  more  than  four. 

In  the  respiration  of  protoxide  of  nitrogen,  a  gas  which  is  an  enej^tie 
BQpporter  of  combustion,  and  acting  more  powerfully  on  the  animal  ays- 
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„„  ,  .  tem  when  respired  than  even  oxvecti  itself,  on  account  of  its 
osWe  of  nitfo-  Tendy  condensibiiity  by  pressure,  or  by  membnincs,  and  sol- 
'^"^-  ubility  in  water,  llie  circulation  is  greatly  c|uickenecl  at  tlrst, 

and  a  state  of  exliilaration  ensues ;  but  this  is  soon  followed  by  &  con- 
dition of  depression,  or  even  of  coma,  for  tlie  quantity  of  carbonic  acid 
produced  in  the  systera  is  now  so  great  that  the  lungs  arc  wliolly  inade- 
quate to  effect  its  removal,  and  all  the  symptoms  of  poisoning  hy  car^ 
bonic  acid  fomc  on. 

Zimmerman  found  that  a  rabbit  exhaled  12}  grains  of  carbonic  acid 
per  hour  when  breathing  atmosjihcric  air,  but  tliat  the  (quantity  rose  at 
once  to  20  grains  per  hour  when  it  wms  caused  to  Ijrc-athe  protoxide  of 
nitrogen.  But  by  far  the  most  conqilete  and  importunt  series  of  experi- 
Siimm(nT*f  '"cnts  yet  made  in  regard  to  the  relations  of  the  aerial  m&- 
Rffgnnult'snnd  diuni  and  the  respiring  animal  is  that  of  MM.  Rcgiiault  and 
imems  oiirvJ  Rciset,  published  in  the  Aimales  de  Chiniie,  JiiiUet.  1849,  of 
piTaiiijii.  which^  ainee  it  may  be  taken  aa  a  model  of  phyaiologicul  in- 

veBtigation,  a  brief  abetTact  is  here  given. 


u 


jjil 
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The  apparatus  they 
employed  is  repreaetiled 
in  J^iy.  81.  It  poasesse* 
the  great  advantage  over 
uU  esperimental  arrunge- 
ments  heretofore  employ- 
ed in  permitting  an  ani- 
mal to  be  kept  even  for 
many  days  in  a  limited 
volume  of  air,  but  under 
such  circumstances  that 

hkpi-ritucnCB  on  r^aplntKiiL  that    aiF   WUB    COnStantly 

kept  at  its  normal  composition  by  the  automatic  motions  of  the  iu^tru- 
ment  itself:  oxygen  being  thus  furnished  as  it  was  required,  and  car- 
bonic acid  removed. 

The  arrangement  consists  of  three  parts :  lat,  a  chamber  or  beU,  f.,  for 
inclosing  the  animal,  surrounded  by  ajar  filled  with  water,  the  tempera- 
ture of  which  could  be  ascertained  by  a  thermometer,  k.  In  the  interior 
of  the  bell  was  a  platform  perforated  with  holes,  by  the  aid  of  which  the 
excretions  could  be  collected.  On  otie  sitle,  atjf,  was  a  pressure  gauge. 
connected  with  the  bell  by  a  tube,  and  showing  the  condition  of  coiulen- 
sation  or  rarefaction  of  the  included  atmoephero.  2d.  At  the  same  aide, 
the  belt  communicated,  by  means  of  India-nibljer  tubca,  jh,  -n,  with  two 
cyhndric  vessels,  g^  >\  (illed  with  a  solution  of  caustic  potassa*  and  which 
were  driven  by  the  aid  of  powerftd  clock-work  in  such  a  way  tliat  the 
one  alternately  rose  and  the  oilier  descended,  the  llexible  lube  C  [>ermit- 
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tmg  this  motion.  The  result  of  tliis  was  that  a  portion  of  the  air  of  the 
bell  was  alternately  drawn  into  each  of  the  cylindric  vessels,  its  carbon- 
ic acitl  removed  hy  the  potash,  and  then  it  was  returned ;  bo,  as  fast  as 
the  Jinimal  produced  that  gas  by  breathing,  the  jjotash  removed  it,  giving 
rise,  therefore,  to  a  tendency  to  a  certain  amount  of  rarefaction  in  the  air 
of  the  bell  4  but,  3d,  on  tlie  opposite  side  of  the  "bell  were  placed  three 
receptacles,  e,  (/,  e",  filled  Willi  pure  oxygpu  gas,  which  flowed  into  the 
bell  through  the  tubes  fKfKf'h.^  to  eompensale  for  ihat  rnrefaction, 
coming  in  by  a  bubble  at  a  time  through  the  litlk  polaah  flask  V,  the 
oxygen  being  pressed  Out  oi  the  reacn'oirs  by  a  solution  of  ctdoride  of 
calciuia  descending  througli  a  stojj-cock,  c,  from  a  resen,"oir,  h  b',  kept  at 
a  constant  level  in  the  usual  manner  by  the  flasks  a,  a',  a".  As  fast  as 
one  receptacle  was  exhausted,  the  pressure  tube  waa  snccessively  con- 
nected with  the  others,  and  so  the  supply  kept  up.  Attached  to  tlie 
stand  supporting  tlie  aninird  waa  a  eudiometer,  o,  which  enabled  a  small 
(joantity  of  air  to  be  withdrawn  from  the  bell  at  any  moment  for  tlie 
purjiose  of  analytical  examination.  For  other  details  of  this  appamtug, 
and  the  particiJars  of  its  method  of  use,  reference  may  be  made  to  the 
original  Tneraatr  itself.  It  is  snfficlcnt  for  the  present  purjiOse  to  under- 
stand th»t  an  animal  could  be  kept  in  the  interior  of  this  bell  for  several 
days  without  sliowing  any  signs  of  discomfort,  pure  oxygen  being  sup- 
plied to  it,  and  the  carlionic  acid  produced  by  breathing  removed  by  the 
play  of  the  machine  itself. 

The  following  is  an  abstract  of  the  results  obtained : 
1st.    Ht>t-blqodfd  animals,  mammifers  and  birds,  under  their  Ordinary 
diet,  always  disengage  a  httle  nitrogen  by  respiration,  the  Uo,.i,i(jo(|f.^ 
amount  varying  ixom  leas  than  yuTt  ^°  "gV  '''"  '^^  weight  of  aniuiids  ua  ta 

,1.  '.1  orilinarv  dkt. 

uie  oxygen  tjiey  eonHume. 

2d.   When  these  animals  are  fasting,  they  often  absorb  nitrogen  in  pro- 
portions similar  to  the  preceding.     In  like  manner^  an  absorp-  TheBam& 
tion  of  nitrogen  was  observed  after  starving  the  animal,  and  then  f^'me' 
submitting  him  to  a  diet  very  diflercut  from  hia  ordinary  one,  and  also 
during  sickness. 

3d.  The  ratio  "between  the  quantity  of  oxygen  contained  in  the  car- 
bonic acid  and  the  quantity  consumed  depends  more  on  tlie  .  .  . 
nature  of  the  food  than  the  class  to  which  the  animal  be-  iotA  anri  !m- 
longs,  being,  when  the  animali?  are  starving,  the  same  as  it  is  '"'^" 
when  they  are  fed  upon  nmai^  or  i>erhap3  a  triHe  less.  From  this  the 
interesting  conelusion  may  be  drawn  that  a  atarv-ing  animal  furnishes  to 
the  air  of  respiration  his  own  substance,  which  is  of  eourse  of  the  same 
nature  as  the  Hesh  he  eats  when  dieted  on  meat.  All  hot-blooded  ani- 
mals present,  when  they  are  starving,  the  respiration  of  carnivora,  The 
ratio  for  the  same  animal  varies  from  0.62  to  U04,  according  to  the  na- 
ture of  the  diet. 
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4th.  In  fowls,  submitted  to  their  uaiial  diet  of  grain,  there  is  of^ 
Respimtion  moTC  oxygen  in  the  carbonic  acid  disengaged  tlion  was  furnished 
.jfiNiftia.  5ji  tiic  a5j.  by  respiration.  The  surplus  uf  course  comes  firom 
the  foKid. 

dth.  The  quantity  of  oxygen  consumed  in  a  given  time  varies  with 

,  .  ,   the  alale  of  dicv'sJion,  motion,  and  f>thercircnmBtKnces.      Coii»- 

InfliLpnce  of  O  '  ' 

mpUon.  age,  pared  togethefT  the  consumption  is  greater  among  the  yoaijg 
than  among  ndults,  greater  among  thosu  tltat  arc  lean  but  in 
good  health  than  among  those  that  arc  fat. 

6th.  If  we  take  an  equal  weight  of  the  animala  under  examination,  the 
infl  tnec  f  QuaJitity  of  oxygen  varies  much  ■with  their  absolute  buso; 
the  bIm  of  mi-  thu3  it  13  ten  times  greater  aiEOng  little  birds^  such  as  spar- 
""  rows  and  green-finclica,  than  among  coromon  fowls.     This 

is  owing  to  the  fact  that,  giTice  these  different  speciea  have  the  same  tem- 
perature, and  the  little  ones  present  relatively  a  greater  aurtacc  to  the 
amliient  air,  they  must  fonsuioe  relatively  more  oxygen  to  keep  up  thdr 
heat  to  the  standard  degree. 

7th.  Hibernating  aninaal,s  such  aw  marmots,  when  perfectly  awake,  ex- 
it* v«i"  n  f  '"^'^  ^^  peculiarity,  but  wlien  fast  a.s!eep  often  absorb  nitro- 
hlt^maiins  gen.  The  ratio  of  the  oxygen  contained  in  the  carbonic  acid 
*"^™"  '  to  that  inspired  is  very  low,  scarcely  amoiuiting  to  0.4,  tlie 
missing  oxygen  escaping  in  the  comi>ounds  of  the  urinary  secretion; 
but  since  tliis  removal  takca  place  only  periodically,  the  sleeping  marmot 
exhibits  the  remarkable  phenomenon  of  increasing  in  weight  by  respira- 
tion alone, 

8lli.  The  consumption  of  oxygen  by  sleeping  marmots  is  very  small* 
flcarccly  5*5  of  what  they  require  when  awake.  At  the  moment  they 
awaken  from  their  lethargy,  thoir  respiration  Iiecoraea.  extremely  active, 
anil  during  the  period  of  their  awakening  tliey  consume  much  more  oxy- 
gen than  when  ihey  are  completely  awake.  Their  tem|ieraturH  rises  rap- 
idly, and  their  members  gradually  lose  their  sliftened  state,  Wliile  tor- 
pid they  can  remain  without  difficulty  in  an  atmosphere  which  would 
8uffi>cate  them  in  a  few  momenta  if  awake. 

9th.  Cold-blooded  animals,  for  an  CKpial  weight,  consume  much  loss 
Ilii»i.rritiim of  "^^JiS^"  *^'^^"  hot-blooded.  Frogs  with  their  lungs  cut  out 
«iM-!iiitioii(fd  continue  to  bjieatho  with  nearly  the  eanie  activity  as  before, 
often  living  for  several  days,  the  proportions  of  the  gasea 
absorbed  and  disengaged  differing  little  from  what  is  observed  in  the 
case  of  uiiinjufcd  frogs.  This  shows  that  their  respiration  can  be  con- 
ducted by  the  skin.  The  respiration  of  earthworms  is  the  same  as  that 
of  frogs,  as  regards  the  quantity  of  oxygen  consumed,  when  they  are  com- 
l«ircd  under  equal  weight, 

lOtli.  The  respiration  of  insects,  such  as  May-bugs  and  silk-worma, 
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is  much  more  active  than  that  of  reptiles.  Under  an  equal  RMpir»iion  of 
weight  tiiey  cooBUine  nearly  as  much  oxygen  as  mammalia :  i"*^''''*' 
the  comparative  lowness  of  their  temperature  is  due  to  the  relatively 
great  surlace  and  moist  exterior  they  |)rcsent  to  the  air.  It  la  to  be  re- 
marked that  wo  arc  here  comparing  the  re&pimtion  of  insects  with  that 
of  mammalia  whose  weights  may  le  from  2000  to  10,000  times  as 
great. 

11th.  The  re.=ipinition  of  animals  of  diflerent  clas&es,  in  as  ait  con- 
taining two  or  three  timeB  as  much  osygen  as  the  atmos-  Eflhet  of  hi. 
phere,  does  not  differ  from  existing  respiration;  indeed,  tlie  '^^^^f^ 
animals  do  not  appear  to  perceive  that  they  are  in  a  medium  ysoa. 
different  from  the  ordinary  atmospliere. 

12tli.  The  respiration  of  animala  in  a  medium  in  wlueli,  for  the  moat 
part,  hydrogen  replace*  the  nitrogen  of  our  atmosphere,  acjircely  diifers 
from  existing  respiration ;  only  there  is  remarked  a  greater  consumption 
of  oxygen,  due  perhaps  to  the  necessity  of  compensating  for  the  increased 
cooling  arising  from  tlic  contact  of  Iiydrogen  gag. 

The  introduction  of  air  into  the  ^ateni  ie,  to  a  certain  extent,  auto- 
matic, and,  to  a  certain  e.Ttent,  dependent  on  the  will.  In.  tranquil  res- 
piration WB  are  wholly  unconscious  of  tlte  motion ;  the  ex-  jj^^.,,  -„ 
citing  impression  is  made  on  the  pneumogaatrie  nerves,  and,  voivcd  ici  res- 
being  conveyed  to  the  respiratory  ganglion,  the  medulla  ob-  p""*'"^"- 
longata,  is  there  SO  reflected  that  through  the  agency  of  the  phrenic  nerve 
motion  takp*  place  in  the  diaphragia.  The  automatic,  and  therefore  un- 
conscious movement,  to  a  certain  extent,  occurs  in  that  way.  But  there 
is  no  doubt  that  the  brain  &lso  participates  in  the  function.  No  othei' 
evidence  of  tins  is  retjuired  than  that  we  can  **-hold  the  breath,"  and  the 
relative  sliare  that  the  voluntary  and  automatic  mechanisms  take  is  illus- 
trated by  the  circumstance  that  this  holding  of  the  breath  can  only  be 
persisted  in  for  a  certain  time,  when  the  necessity  for  respiring  becomes 
altogether  uncontrollable. 

It  is  not,  however,  to  be  supposed  that  so  important  a  condition  as 
that  of  the  introduction  of  the  air  is  only  slenderly  provided  for.  Many 
other  nerves,  besides  those  mentioned,  take  part  in  it  directly  or  indi- 
rectly ;  the  tifth  pair,  the  nerves  of  the  general  surface,  and  alao  the  great 
sympalhetic,  tite  intercoetals,  the  spinal  accessory,  which  probably  gives 
its  motor  property  to  the  pneumogastric.  Opinion  has  dillcred  respect- 
ing the  cause  which  produces  the  necessaiy  impression  on  the  receiving 
nerves,  some  referring  it  to  the  presence  of  venous  blood  in  the  capitla- 
ri^s  of  tlie  lungs,  and  some  to  tlie  carbonic  acid  in  the  cells.  Moreover, 
there  ig  reason  to  believe  that  the  presence  of  an  abnormal  amount  of 
venous  blood  in  the  respiratory  ganglions  will  of  itself  give  rise  to  res- 
piratory movements  through  the  proper  centrifugal  nerves. 
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CHAPTER  X. 


OF    ANIMAL    HEAT. 

Partiripaiioa  of  Ortfmiir  Fornix  in  txleranl  Voriutiojrs  of  Temperalitre. — Mfrhmnsm  far  rounter- 
tiifltiiH-inif  tlitse  Viirinlioiis. — Llcrdajimriit  of  l/fat  in  Flisnls  ul  (Jenninatiiou  nrul  Injiori-smux. 
— /(*  CnvM  U  Ofiil'ifioo, — Cunnn-liott  11/  lie*/Aralioa  ami  that, —  TfrnjitraUtrt  iif  Hfun.—Hij, 
tourer  of  hfj/igfimif, —  T/iit  diamal  I'uriatians  of  ITfai. — Cbimtelion  of  tfit*e  Vafintiani  iriM 
oryasiir  Pmoiiieitie^.—Aiintat  ViirialionB  0/  Umt. — Ctrntrolavrr  ihan  l-y  Foixi,  Vloifitny,  ami 
SMifr, — St/frn  0/  A'l'mitl  Ileaf. — £ffert  of  \'ariat!ons  in  the  Food  mid  in  tlif  renjiiFtd  \fe- 
l^iBa,  horh  na  TFrqtectn  its  ^iilnre  antl  RarrfactUm. — Jlglicranlion.-^istiln'ittion. — At! {facial Sc- 
dnetiun  of  TriBfierahire  />y  Bloml-l^tiiaij. — /Viicyj/w  vf  Rvduriivit  nf  Tnnji^ratttre.-^-fiiuSo- 
tkm. — iJiiiilnrL — Fvajionitiim . —  Tlitir  liahiicg  with  ihf  ffeiifiny  Frocrnxri', — I,oml  VnrKi- 
tirmx  ti'uniiiatnl  lij/  the  Circuhlio)t.-~Coiitrai  liy  the  ^'tnroiia  ^ifntem. — Ju  piiifacai  jVafuw, — 
AOotroinsm  of  Oryanic  Badie*. 

Owing  to  llie  earth's  diurnal  rotation  on  its  axis,  and  it&  annual  move- 
nient  of  translation  round  the  sun  in  an  orbit  inclined  to  the  ■,-,..  , 
equator,  variations  of  temperature  arise,  the  vicissitudes  of  exicninl  torn- 
summer  and  winter,  day  and  night.  iJi^ruturc 

In  these  variationa  all  objects  upon  the  surface  of  the  planet  partici- 
pate; organic  forms  arc  no  ejiccption.  Aa  the  heat  of  the  medium  in 
which  tJiey  live  ascends  of  dcsc^ud^,  theirs  ibllowa  it  at  a  rate  depend- 
ent on  their  contluctibiiity. 

Uke  mineral  subptanceia,  the  more  lowly  forms  of  life  submit  to  these 
changes.  They  have  no  provision  for  check  or  compensation.  Orpanii?  forma 
In  Bummer,  the  temperature  of  the  stem  of  a  tree  rises  with-  li,*,!s'n'^vuriL'° 
out  any  restraint;  in  winter  it  dechncs;  and*  should  the  Hon*. 
point  be  reached  at  whicli  those  nutritive  changes  that  give  motion  to  the 
flap  cease,  nothing  is  done  to  arrest  the  descent,  and  the  whole  organigm 
paasea  into  a  state  of  tor].)or,  liybemation,  or  temporary  death. 

Now,  since  this  following  of  atmospheric  temperatures  most  take  place 
in  every  organism  as  well  aa  in  every  mineral  body,  the  con-  Comppn^oiiiifr 
atruction  of  one  liaving  a  uniform  mode  of  existence  in  all  "^'"/ii'iKhM 
climates  and  all  seasons  implies  a  resort  to  some  subsidiary  triw. 
mechanism,  which,  though  it  may  not  check,  may  yet  compensate  for 
these  vicissitudes.  Accordingly,  so  nearly  is  this  equalization  accom- 
plished in  the  highly-develoj)e<l  tribes,  and  a  standard  temperature  so 
nearly  attained  for  them,  that  many  physiologists,  misled  by  imperfect 
observations,  have  concluded  that  such  living  beings  are  emancipated  by 
nature  from  the  operation  of  physical  laws :  an  erroneous  conclusion,  ibr 
in  them  that  action  is  only  concealed. 
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In  different  races,  tlie  mecbaniain  bj  which  these  variations  of  atmos- 
pheric teinjierature  are  balanced  acta  with  ditfereut  degrees  of  perfection. 

n  .J  J  L  On  this  a  subdivision  has  been  tbundcd*  and  aninmls  claasi- 
Cold  ind  hot 

iiloododani-  iicd  as  the  cold  and  hot  blooded.  We  are  not,  however,  ti'^ 
""^  attach  much  importance  to  siieli  an  arrangement :  it  is  rather 

imaginary  than  founded  on  any  real  diBttnction.  In  man,  the  tempera- 
ture is  near  1U0° ;  in  tishca,  it  is  about  that  of  the  water  in  which  they 
live.  Insects,  in  their  larva  and  pupa  condition,  are  cold-hlooded ;  in 
their  perfect  condition,  hot. 

We  have  now  to  explain  what  physical  principles  are  reaorted  lo  ui 
solving  the  prohlein  of  maintaining  an  organic  form  at  a  constant  tran- 
peraJurc  in  a  meihiim  the  heat  of  wliich  la  variable;  and  as  we  may 
reasonably  anticipate  that  these  principles  are  the  same  in  everj-  tribe  of 
UiCt  it  will  facilitate  our  investigations  to  commence  with  the  simplest 
cases  Hrst. 

There  are  two  periods  in  the  life  of  a  plant  during  which  it  sunuLites 
TooiivHwUur  ^''*^  functions  of  an  animal  in  maintaining  a  temperatnic 
bcti  ill  piwite.  higher  than  that  of  the  surrounding  air.  Theses  |«iiod8  are, 
1st,  at  the  germination  of  the  seed ;  2d,  during  the  fimctional  activity  of 
t\w  flower. 

If  u  masa  of  seeds  be  laid  together,  as  in  the  making  of  malt,  the  op- 
llMt  ivf  Kfriu-  ^ration  being  conducted  at  a  gentle  temjwraturc,  and  with  thy 
LuaUoD.  f)cces$  of  atmospiicric  air,  oxygen  disappears,  carbonic  acid  iB 

sot  free,  am!  llio  lenii^emtnre  rises  forty  or  fifty  degrees.  A  process  of 
oxidaliun  nmt^t  tliercfore  have  been  carried  into  effect,  and  to  it  we  trace 
tho  liuut  Uinciigaged,  for  carbon  can  not  produco  carbonic  actd  without  a 
risi'  lit  ii'iiiiH-rattin'  ensuing.  The  loss  of  weight  which  a  seed  exhibits 
ia  tluivfuiTj  line  (o  its  loss  of  carbon,  and  the  whole  effect  is  explaine-d  in 
thr  riOiCeincnt  that  atmospheric  oxygen  has  united  with  a  portian  of  car- 
iKin  i-i'iiitniiied  in  ilio  seed,  producing  carbonic  acid  gas  and  an  evolution 
of  ht.'i\t. 

Again,  during  flowering,  the  same  action  is  repeated.  The  flower  re- 
llBaiorinilo-  inovt's  from  tlie  smrounJing  air  a  portion  of  the  oxygen  il 
nuMUf*.  contains,  and  replaces  it  with  carbonic  acid,  the  temperature 
riiiug,  as  iiccunito  exj^ierinicnts  have  proved,  in  absolute  corres^Kiiidence 
with  the  <iitHnlity  of  oxygen  consumed.  Nor  is  this  elevation  insignifi- 
auit,  A  maaa  of  Howera  lias  been  observed  to  raise  the  thermometer  from 
afio  to  121°. 

If  thus  tlie  rliacngagem^nt  of  warmth  is  the  resttlt  of  o:X9datton,  it  must 
■  UMiii'Ti  iiiD  depend  on  ihc  prespucc  of  air,  and  be  regulated  by  the  rapidity 
luviiiliuVi.t'  ''^'''^  which  oxygen  can  be  supplied,  .:Vb  we  pass  imm  tlie 
iMBpHsttm-  consideration  of  plants  to  that  of  aninialu,  we  discover  that  the 
production  of  heat  must  be  connected  with  the  power  and  precision  with 
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which  the  respiratory  appamtus  works,  for  it  ia  through  its  agency  that  sir 
ia  mtroduced.  Exteneive  ohgervation  accordingly  establishes  a  close  cor- 
respondence In  each  animal  tribe  between  the  quantity  of  heat  produced  and 
the  fit jia bill ty  of  respiratory  apparatus.  The  lower  tribes  breathe  sJow"- 
ly  and  are  cold.  Earthworms  are  oidj  a  degree  or  two  wanner  than  the 
gronnd ;  and  even  among  vertebrates,  Hehcs  aie  only  two  or  three  degrees 
warmer  tlian  the  water,  a  lowness  of  temperature  in  a  great  measure  dc- 
pcDding  on  the  high  coohng  agenciea  which  that  liquid  ex-  cnnnpp^i^,^  „f 
erts,  its  specific  heat,  and  the  facility  with  which  ciurenta  are  rcsjiirationjiiii] 
eatabSiahed  in  it.  However,  even  in  these  cases  the  produc-  "*' 
tion  of  heat  depends  on  the  power  of  the  respiratory  engine.  The  bonito 
can  keep  its  heat  20'^  above  that  of  the  sea,  and  the  narwhal  maitiitains 
a  steady  temperature  at  96°. 

The  organic  operations  involved  in  nutrition,  and  also  the  retrograde 
cbangea  of  decay,  can  only  go  on  at  their  accustomed  rates  so  invariahijiir 
long-  as  standard  limits  of  temperature  are  ohserred.     The  of  organic  a*-- 
proper  progress  of  the  actions  of  life  implies  a  correaponding  dtiiniit  u-m. 
adjastment  of  heat,  and  this  irrespective  of  the  mere  size  of  S'"""-"™- 
the  animal.     Even  those  that  arc  microscopic  must  come  under  this  rule. 
When  the  temperature  of  a  lirpiid  containing  infusorials  is  caused  to  de- 
scend to  the  freezing  point  gradually,  the  last  portions  which  solidify  are 
those  which  surroaml  each  of  these  little  forma :  a  drop  ia  kept  hquid  hv 
the  heat  they  disengage.     In  the  same  individual,  the  absolute  tempera- 
ture will  depend  on  its  reBpiratory  condition;  thus  loaectB,  in  pasaing 
tJirongh  each  of  their  stages  of  metamorphosis,  present  a  definite  condi- 
tion H3  to  their  heat:  the  larva  of  the  bee  may  he  oaly  two  degree.^  above 
tlie  air,  white  the  perfect  inaect  ia  10°.     Whatever  accelerates  the  in- 
troduction and  expulsion  of  the  air,  increases  the  warmth  ;  Vanaiions  of 
80  a  bee  shaken  ia  a  bottle,  and  kept  in  a  state  of  constant  at'^i^Qjaf'Ji^d"! 
muscular  exertion,  will  raise  the  temperature  contained  there-  f^""- 
in  far  higher  than  if  he  remains  inactiAc.      Among  insects,  those  Itaving 
the  largest  organs  of  resiiiration  have  always  the  highest  tem|M;rature ; 
and,  since  muscular  motion  irapliea  destnietion  of  nmscular  tissue  by  ox- 
idation, and  therefore  development  of  heat,  we  should  expect  to  find,  as 
IB  actually  the  case,  tiiat  animala  possessing  the  highest  powers  of  loco- 
motion will  possess  also  the  highest  temperature.    Of  all,  therefore,  biwls, 
the  endurance  and  energy  of  whoae  ijowers  of  flight  resalt  from  the  j>er- 
fection  of  their  respiratory  mechaniem,  have  the  highest  temperature.     It 
ia  about  110°.     Yet  even  here  there  are  diflerencea;  the  sluggish  ham- 
door  fowl  has  not  the  lieut  of  the  energetic  swallow. 

The  standard  temperature  of  man  is  usually  stated  to  be  98°,  but  from 
this  mean  it  ranges  witliin  eertain  limits  upward  and  down.  Tempcratimi 
Much  depends  on  the  state  of  the  health;  of  course,  every  thing  '^f'"^"' 
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on  the  Tespiration.  In  fevera  it  wiU  rise  to  105° ;  in  tetanns  it  may  reach 
1 10° ;  the  contrary  in  astlima,  when  it  may  sink  to  82'^,  owing  to  imper- 
fect BCoesa  of  air ;  in  cyanosis  to  77°,  owing  to  imperfect  aeration  of  the 
"blood ;  in  jVsiatic  cholera  to  75°,  ol^'ing  to  the  non-rece]>tion  of  oxygen  by 
thft  cells  in  theij  dispaRcd  state.  It  also  varies  with  the  period  of  life : 
in  the  ncw-bom  infant  it  ia  100°;  it  preacaitly  sinks  to  99'',  and  rises 
during  childhood  to  102'^.  Mental  cserciee  in  the  adult  increases  it, 
"bodily  exertion  still  more.  The  special  degree  vnriefi  with  the  point  on 
which  the  observation  ia  made:  the  limbs  are  colder  than  the  tninfc,  and 
tills  is  the  more  miarked  aa  the  point  is  more  remote.  On  the  leg  tb'C 
temperature  may  "be  93° ;  on  the  sole  of  the  foot,  90<* ;  while  that  of  the 
viBcem  is  101°. 

tn  his  residence  in  difFcrcnt  elimatea,  man  ia  exposed  to  variations  of 
BwUunceof  tempEraturc  which  extend  over  a  scale  of  200^^.  Toward 
the  htuDui  or-  ^\^Q  poigg  (jj^  g^ij  gf  winter  is  often  —60'^ :  in  the  tropica 
ireme»  of  tem-  the  heat  of  summer  4- 1 30°.  For  a  short  period  his  power  of 
^ntore.  resistance  is  greatly  beyond  what  these  numbers  would  in- 

dieate;  he  can  enter  with  impunity  aji  oven  heated  to  600^,  provided  the 
air  is  dry.  In  these  cases,  though  excessive  evaporation  from  the  skin 
moderates  the  effect  and  keeps  it  within  bounde,  there  is  always  a  mark- 
ed rise  of  tcmprature  of  the  whole  body.  In  a  corresponding  manner, 
eairposure  to  cold  produces  depression,  aa  shown  in  Dr.  Davy's  observa* 
tions.  At  92°  ot'the  air,  a  thermometer  under  the  tongue  stood  at  100^®; 
at  73^  it  stood  at  99° ;  at  60°  it  stood  at  97}°. 

Among  these  variations  there  is  one  class  which  calla  for  critical  at- 
Diunu]  vari*  tcntion.  It  h  the  diuTiaal  variation ;  less  marked  in  man, 
tion  tn  tbe  ho*!  who  instinctively  makes  jjrovision  against  it,  but  well  shown 

""''  in  the  case  of  fasting  aniTnals.     This  illuatratea,  in  an  mter^ 

esting  manner,  the  controlling  influence  of  external  conditions;  for  if  ex- 
posure to  a  high  temperature,  as  that  of  an  oven,  comjmlti  a  rise  of  the 
heat  of  the  whole  body,  in  spite  of  the  conservative  arrangement^*,  and 
exposure  to  extreme  cold  compels  a  dtsccnt,  we  ought  to  expect  that  ex- 
posure to  more  moderate  degrees  would^  in  like  manner,  produce  an  im- 
pression. 

The  old  astrologers  were  therefore  not  altogether  wrong  when  they  aS-  ] 
finned  tbe  doctrine  of  planetary  inHtiences.  The  diurnal  temperatures 
of  a  locality,  as  dependent  on  the  position  of  the  sun,  are  expressed  in 
the  system  of  man.  The  minimum  of  heat  for  the  night,  and  tlto  max- 
inmm  for  the  day.  find  a  correspondence  in  the  decline  of  animal  tempex- , 
ature  at  the  former,  and  its  rise  at  the  latter  period.  The  experiments 
of  5Ir.  Choflsat  on  birds  submitted  to  absolute  starvation  showed  tliat, 
though  tn  their  normal  state,  at  the  commencement,  the  variation  between 
niidnight  and  noon  was  only  1J°,  it  gradually  increased  to  6°,  until  at 
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last,  the  generation  of  lieat  wboUj"  ceasing,  the  temperature  gave  way 
rapidly  just  previous  to  death. 

If,  therefore,  it  was  poasible  for  life  to  continue  without  the  evolution 
of  animal  heat,  it  would  be  with  the  body  as  it  is  with  the  stem  of  a  tree. 
It  would  follow  tlie  therm ometric  variations  in  the  air,  the  maxima  of 
heat  and  cold  being  somewhat  later  than  the  aerial  ones,  and  within  nar- 
rower litnits,  by  reason  of  the  low  conducting  power.  The  nearest  aj)- 
proach  to  this  is  in  cases  of  absolute  starvation,  and  though  in  man  t]ie 
effect  is  masked  by  the  due  taking  of  food,  it  none  the  leas  exists.  In 
human  commuTiitiea  there  is  some  rea.son  beyond  mere  cus-  intiu^nre  i>r 
torn  which  haa  led  to  the  mode  of  diatrihuting  the  daily  [^""^^"^^",^5: 
meals.  A  Bavage  may  dispatch  his  gluttonous  repast,  and  muk. 
then  starve  for  want  of  food ;  but  the  more  delicate  constitution  of  the 
civilized  man  demands  a  perfect  adjustment  of  the  supply  to  the  wants 
of  the  system,  and  that  not  only  as  respects  the  kind,  but  also  the  time. 
It  seems  to  be  against  our  instinct  to  commenc^j  the  morning  with  a 
heavy  meal.  We  break  fast,  as  it  ia  signiScantly  termed,  but  we  do 
no  more,  postponing  the  taking  of  the  chief  supply  until  dinner,  at  the 
middle  or  after  part  of  the  day.  If  men  were  only  guided  by  views  of 
economy  of  time  saved  for  the  pursuits  of  business,  or  if,  on  this  occasion, 
tliey  put  in  practice  the  rule  they  observe  on  so  many  others,  of  never 
postponing  the  gratification  of  their  desires,  the  first  affair  of  the  morn- 
ing would  have  been  an  abundant  repast.  But  against  this  something 
within  us  revolts,  and  that  in  all  classes,  the  laboring,  the  intellcctujd, 
the  idle,  I  think  there  are  many  reasons  for  supposing,  when  we  recall 
the  time  which  must  elapse  between  the  taking  of  food  and  the  comple- 
tion of  respiratory  digestion,  that  this  distribution  of  meals  is  not  so 
mncli  a  matter  of  custom  as  an  instinctive  preparation  (or  the  systemic 
rise  and  faU  of  temperature  attending  on  the  maxima  and  minima  of  daily 
heat.  The  hght  breakfast  haa  a  preparatory  reference  to  noonday,  the 
solid  dinner  to  midnight- 

Once  more  1  would  remark,  that  we  must  not  be  deceived  by  the 
masked  aspect  which  the  system  in  this  matter  presents.  connMtion  of 
Its  diurnal  variations  are  concealed  by  agencies  brought  variaiions  of 
spcaaily  into  operation  tor  that  purpose,  but  tney  exist  m  ganicpedodi- 
the  physical  necessities  of  the  case;  and  herein,!  believe,  "'■*'■ 
we  have  a  first  glimpse  of  the  cause  of  those  periodicities,  which  physi- 
cians from  the  earliest  times  have  remarked;  for,  thongh  the  nervous 
system,  hotli  in  a  state  of  healtli  and  disease,  may  aeem  to  be  their  ori- 
gin, it  is  not  impossible  that  its  changes  arc  connected  with  variations 
thus  taking  place  in  the  external  world. 

We  have  next  to  consider  the  effect  of  the  annual  vnria-  Aminii  vari*. 
tiona  of  temperature,  which  reach  their  maximum  soon  after  *>""  *f  ^'■'- 
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mid-summer  and  their  minimum  soon  aftor  mid-winter,  the  manner  in 
which  the  system  comports  itself  under  them,  and  the  mean?  which  in- 
stinct and  experience  teach  us  to  epiploy  in  providing-  against  them. 

The  fables  of  mortality  show  that  there  is  a  loss  of  lii'e  at  the  annual 
EirprtofBniiu  '"t'^i™"-'"  ^"^^  injiiimum  of  tem[>eniture  which  greatly  ex- 
hI  vari«<ioDA  ceeds  the  aveiTige  of  any  other  period.  Li  England  and  Bel- 
on  man.  glum,  where  the  mean  teni].>erature  of  the  summer  months  i* 

moderate,  this  is  not  so  atrikingly  nuirkcd  for  those  months,  and  the  chief 
loss  falls  upon  the  winter ;  Nut  in  New  York,  whicli  has  a  summer  cor- 
responding to  tliat  of  the  soutli  of  Europe  and  a  winter  like  that  of  the 
north,  the  effect  of  these  extremes  beconieis  so  ohvious  as  even  to  be 
I>opularly  connected  with  the  position  of  the  thermometer  above  or  beJow 
65°.  Among  infants  and  the  aged,  whose  controlling  powers  over  tera- 
lierature  are  imj)erfecl,  these  effects  are  most  distinctly  witnessed :  but 
among  healthy  adiilt<^,  and  even  in  Europe,  we  can  detect  them  on  crit- 
ical examination.  Thus,  in  Brussels,  the  montlily  mortality  for  Januair 
l»eing  taken  as  105^  tliat  for  July  is  91,  for  August  96,  and  for  flctohev 
93;  atid  it  ia  to  he  reeolleeted  that  these  are  the  residual  traces  of  the 
Operation  of  cold  and  heat  after  all  the  precautions  have  l>ecn  used  to 
ward  thetn  oft'.  1  wight  make  here  the  same  remark  tliat  ivas  made 
when  considering  dinrnal  variations,  that  the  true  effect  Is  so  masked  and 
concealed  that  we  are  liable  to  undervalue  it,  and  do  not  properly  appre- 
tiutp  this  tax  put  upon  the  BVBteni. 

These  annual  variations  of  external  tcmjicrature  are  cliiefly  combated 
Ctmtn-l  over  ^7  foo'^i  clotbing^  and  shelter.  The  dietetic  changes  we  make 
•nLiiiH.1  vBi-in-  bct^'ccn  winter  and  Bummcr  are  founded  upon  the  principle 
(lotliine,  ftbol-  of  using  more  combustible  food  for  the  former,  and  less  com- 
"'''■  bustibic  for  the  latter  season  ;  and,  since  the  calorific  ef- 

fect of  an  article  of  food  greatly  depends  on  the  quantity  of  oxidizable 
hydrogeji  it  contains,  the  winter  diet  has  more  of  that  element  than  the 
summer.  Partly  ihua  by  varying  the  nature,  and  jtartly  by  varying  the 
quantity  of  the  food,  we  can  effect  a  comjjensation  to  a  certain  extent. 

Of  llic  manner  in  which  the  diet-compensation  is  aided  by  variatinns 
in  clothing  little  needs  to  be  amd.  The  experiments  of  Count  Ruroford 
established  the  fact  tliat  the  conductibility  of  summer  clotliing  ia  greater 
than  that  of  winter,  and  therefore  its  resistance  to  the  escajw  of  hoflt  {$ 
less.  It  is  sullicient  merely  to  allude  to  the  control  which  is  gained  by 
diftercnce  of  thickness  in  the  garments,  and  by  their  amount  or  qoan- 
tily.  We  instinctively  make  these  adjuatmentfl  to  meet  the  existing  ex- 
jgoncics,  and,  as  far  as  may  be,  in  tluB  manner  aim  at  a  medium  efiV^ct. 

The  check  upon  external  temperature  by  the  use  of  clothing  was  doulrt-^ 
leas  one  of  the  tirst  contrivances  of  the  human  race.     Even  of  aavago  life 
it  is  a  cardinal  featiu^     The  check  by  adjustment  of  diet  belongs  to  a 
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civilized  state,  since  it  implies  a  certain  control  over  the  amma!  appetite 
and  personal  self-denial.  Though  great  improvements  in  Vwth  of  these 
will  doubtless  hereafter  be  madctwhen  the  principles  of  their  operation 
are  more  generally  and  better  understood,  they  must,  even  in  their  jjrea- 
ent  condition,  be  regarded  as  having  reached  a  higher  perfection  titan  the 
clieck  by  resorting  to  shelter.  The  art  of  eonstructing  dwelUng-lionses 
ma.j  be  said  to  be  yet  in  ita  infimcy  in  all  parts  of  the  world,  ^^-^^^^  j^^ 
and  yet  in  no  particular  is  the  physic^al  condition  of  females  pfrfectioiM  of 
and  children,  and  especially  of  the  sick,  more  nearly  touched.  *  ''  '^'' 
It  is  only  within  our  own  times  that  attention  has  been  drawn  to  the 
proper  methods  for  the  admission  of  warmth,  and  air,  and  light ;  the  hy- 
gienic influences  of  fiimiturc  and  decoration  are  unknown,  IjcyoTid,  per- 
iiaps,  a  popnlar  impression  that  it  is  unhealthy  to  be  in  a  recently-paint- 
ed apartment,  inexpcflient  to  sleep  in  a  chamber  where  there  are  flon'crs^ 
and  Unpleasant  in  suitimer  to  have  a  carpet  on  the  floor,  because  it  looks 
warm,  and  is  thought  to  generate  dust.  The  owner  of  a  palace,  on  which 
wealth  baa  been  fruitlessly  lavished,  finds,  on  a  cold  day,  that  he  can 
not  obtain  from  hia  parlor  fii-e  the  necessary  warmth  unless  by  alternate- 
ly turning  round  and  round.  The  testy  valetudinarian  sits  in  his  easy- 
chair,  tormented  by  drafts  coming  in  from  every  quarter.  In  his  vain 
attempts  to  stop  the  offending  crevices,  it  never  occurs  to  him  that  his 
chimney  is  a  great  exhausting  machine,  which  is  drawing  the  air  out  of 
the  room,  and  that  his  means  of  warming  and  ventilation  arc  the  most 
miserable  that  could  be  resorted  to,  since  radiation  can  warm  only  one 
side  of  a  thing  at  a  time.,  and  fre»h  air  under  those  conditions  can  only 
be  introduced  by  drafts. 

To  wann  rooms  by  contrivancea  such  as  the  open  fire-place  or  stove 
la  obviously  unphilosoplucal,  since  tlie  effect  of  these  is  to  ex-  OfarUfitial 
laust  the  air  of  the  apartment.  The  modem  method  of  warm-  '^"™''». 
ing  by  fiimaces,  which  act  by  throwing  air  duly  moistened  and  of  the 
right  temperature  into  the  rooms,  and  therefore  by  condensation,  is  clear- 
ly a  better  system,  since  it  not  only  puts  an  end  to  all  drafts,  the 
tendency  being  to  force  air  out  tlirough  every  crevice  instead  of  drawing 
it  in,  but  it  possesses  the  inappreciable  advantages  of  giving  unilbrmity 
of  warmth,  a  I'wrfect  control  over  the  degree  of  heat,  and  likewise  over  the 
nature  of  the  air,  which  need  not  be  drawn  from  the  cellar,  or  the  con- 
taminated impurity  of  the  street,  but  by  suitable  flues  from  the  free  and 
clear  air  above.  Ventilating  contrivances  which  can  che-aply  and  effectu- 
ally force  a  supply  of  artificially  cooled  air  in  tlie  summer,  and  warm  air 
in  the  winter,  into  dweUing-hou&es,  are  still  a  great  desideratum. 

By  the  aid  of  diet,  clothing,  and  shelter,  we  arc  able  to  effect  an  almost 
complete  compensation  for  the  changes  of  diurnal  and  annual  temper- 
atures, and  even  to  occupy  any  climate  of  the  globe.     It  is  the  manage- 
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jnent  of  caJoric  which  mokes  taan  wlint  he  is,  ami  conatitutee  his  special 
prcrogalive ;  his.  degree  of" skill  therein  is  the  measure  ot"  liia  civilization. 
Tlic  distribution  of  plants  luid  animals,  or,  rather,  their  limitation  within 
AkwI  Imundaries,  depends  on  the  distribution  of  heat,  but  from  these  le- 
fltrahits  man  is  Iree,  because  lie  can  control  temperatures. 

From  these  considerations  of  the  effect  of  external  licat  on  the  hninan 
niechanismt  we  return  to  a  more  critical  examination  of  the  moiles  bj 
■which  heat  is  generated,  and  its  degree  regulated  in  the  Iwdy. 

In  everj  Instance  wb  assert  that  the  production  of  animal  heat  is  due 
Source  of  iini^  to  oxidalion  taking  place  in  the  economy,  and  giving  rise  to 
nmi  heal.  carbonic:  acid,  water,  and  other  collateral  ]>rodu(:ta.  It  is  not 
necrasary  to  attach  any  weight  to  the  experiments  of  Dulong^,  which  eeem- 
ed  to  iiidieate  that  not  more  than  foiir  fifths  of  tlie  heat  actually  pro- 
duced could  bo  owing  to  the  oxidation  of  carbon,  nor  to  those  of  a  like 
kind  of  UespretK*  The  method  they  resorted  to  for  the  measurement  of 
lliL-  disengrtgc<l  hent  was  open  to  error;  the  muiibers  they  employed  aa 
representing  ibe  combustion  heats  were  incorrect ;  nor  did  they  make  any 
allowance  for  other  substances,  such  as  sulphur  and  phosphorus,  which 
u\v  simullaneoui^ly  oxidizing,  and  the  products  of  their  combustion  escap- 
ing by  the  kidiieya. 

Iteduccd  to  its  ultimate  conditions,  the  evolution  of  animal  heat  de- 
Kd'ni  t  iif  imifw  pendrt  on  (lie  reaction  taking  place  Ijctwecn  the  air  iiitro- 
nihil .'iiulw*  1  *'"'^*'''  ^V  respiration  and  the  food,  and  as  either  one  or  other 
iiiii'it  nf  f  brse  is  touulu'd,  the  result  may  be  predicted.      If,  for  cx- 

aniplo,  into  the  digestive  canal  alcyboUc  preparations  be  introduced,  they 
are  absorbed,  by  reason  of  their  li*|uid  condition  and  diflusibility,  with 
rcndincHS.  The  conibustibiUty  of  alcohol,  and  the  amount  of  heat  it 
yields,  are  so  great,  that  the  primary  effect  of  the  oxidation  wliich  ensaos 
is  a  warmth  or  tcvcjiah  scnaation.  Bv  reason  of  the  changes  which  are 
nnw  taking  place  so  actively  in  it,  the  blood  circulates  with  un«'onte<l 
rapidtlVt  and  the  supply  to  the  brain  increasing,  that  organ  esbibits  an 
unusual  tiinctional  activity.  But  this  display  of  intellection  is  only  tem- 
poniry,  and  an  opposite  condition  soon  comes  oti,  for,  mor«  carbonic  acid 
uctuiDulating  iti  the  blood  than  the  lungs  can  get  rid  of,  the  depressing 
effects  of  that  body  commence,  and  eventually  the  symploms  of  poison- 
ing by  it  ensue. 

Not  Ufllike  this  is  the  train  of  eflocts  which  arise  when,  instead  of  va- 
EniKtofBiaan  Tying  the  nature  of  the  article  ingested,  we  vary  that  of  the 
pori^of  ^pi-  S°-^  ^e8pil^ed.  An  energetic  supporter  of  combustion,  like  the 
raiionihainir,  protosidc  of  nitTOgen.  gives  rise  to  a  feverish  glow,  cerebral 
activity,  to  be  followed  evctituallv  by  a  deep  depression,  the  poisonous 
influence  of  tbe  carbonic  acid  produced  being  exhibited-  After  a  while 
tlie  system  casts  it  off.  ajid  recovers  its  condition  of  health  goropletely. 
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If  there  be  an  abstinence  from  food,  aince  the  introduclion  of  air  by 
TEBpiration  goes  on  without  abatement,  the  body  itself  must   .         . 
nndergo  oxidation.,  lose  weight,  and  emaciation  occur..     Its  iumi  diw  of 
tendency  to  follow  the  diurnal  variationa  of  temperature  be-        ' 
come  more  and  more  atrikingly  marked  as  the  process  of  starvation  goes 
on,  and  finally  a  rapid  and  unclieckcd  decline  of  the  heat  ensxiea.     Yet 
even  then  lite  may  be  preserved  by  tlie  application  of  sufficient  external 
warmth,  aud  from  an  extreme  condition  of  attenuation  an  animal  raay  be 
rescued  by  the  use  of  food  ;  but  for  such  a  recovery  the  external  wannth 
must  be  continued  untU  tliere  liaa  l>een  time  for  digestion  and  absorption 
to  take  place.     If,  however,  Buch  an  extraneous  aid  be  not  duly  applied, 
the  temperature  of  the  starving  animal  goes  on-iliminishing,  and  he  dies 
of  cold. 

The  doctrine  we  are  here  inculcatingv  that  animal  heat  ia  due  to  oxtda^ 
tiou  in  the  sygtem,  ia  still  further  atrikingly  illustrated  by  ..„  ,, 
what  might  be  tcrii;ed  starving  the  respiration.  Aa  cold  is  siiirmgrdreHod 
felt  from  want  of  food,  so  also  it  ia  from  want  of  air.  In  aa-  *^' 
oending  high  mountains,  the  eifect  upon  the  system  luts  been  graphically 
e^xpressed  a.a  "  a  cold  to  the  marrow  of  the  bones ;"  a  difficulty  of  making 
muscular  exertion  ia  experienced ;  the  strongest  man  can  scarcely  take  a 
few  stcp.^  without  resting;  the  operations  of  the  brain  are  interfered  mth  ; 
there  is  a  propensity  to  sleep.  The  explanation  of  all  this  is  very  clear. 
In  the  accustomed  volume  of  air  received  at  each  inspiration,  there  is  a 
less  quantity  of  oxygen  in  proportion  as  the  altitude  gained  is  Iiigher. 
Pires  cjin  scarce  be  made  to  bum  on  such  Tuountain-tops  ;  tlie  air  is  too 
thin  and  rare  to  support  them ;  and  so  those  combusHous,  which  should 
go  on  at  a  measured  rate  in  the  interior  of  the  body,  are  greatly  re- 
duced in  intensity,  and  hence  the  sense  of  a  penetrating  cold.  Such 
journeys,  moreover,  illustrate  how  comiplelely  the  action  of  the  muscular 
system,  and  also  of  the  brain,  is  dependent  on  the  introduction  of  air; 
and  under  the  opposite  condition  of  tilings,  where  men  descend  in  diving- 
beUs,  though  surrounded  by  the  chilly  influences  of  the  water,  they  ex- 
perience no  corresponding  sensation  of  cold,  because  they  are  breathing  ^ 
compressed  and  condensed  atmosphere. 

The  respiratory  apparatus  of  certain  animals  pramita  &  reduction  in  the 

amount  of  air  introduced  under  exposure  to  a  due  degree  of  _, 

I  .1  Phenomena  of 

cold,      feueli  animals  are  said  to  hybemate.      At  the  com-  hyiienjatiDg 

ing  on  of  winter  their  adipose  tissuea  are  engorged  with  fat,  '"'™*'*- 
Ab  they  pass  into  their  aiuiual  sleep,  the  rate  of  their  respiration  falls. 
The  mamtot,  which  in  actinty  will  make  140  respirations  in  a  minute, 
makes  now  but  3  or  4;  tlie  temperature  of  the  body  descends,  and  combus- 
tion of  the  store  of  fat  goes  on  more  slowly.  Yet  it  doea  go  on,  for,  toward 
Bpring,  the  animal  has  become  very  lean  ;  Bufficteut  heat  is  disengaged  to 
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permit  the  blood  slowly  to  circulate,  and  so  barely  to  keep  up  the  fiinr' 
tions  of  lit'e.  If,  however,  the  stock  of  material  available  for  combustion 
is  insufficient,  tlie  animal  <Ue3. 

Although  we  can  not  inlcTtere  with  the  rate  of  respiration,  we  can 
Rntui^tioii  of  affect  the  quantity  of  air  introduced  into  the  system  by  arti- 
wmpemiurci-y  ficial  means,  as  in  the  operation  of  blood-lctting;  for  ihouch, 
•nJ  ill  nioriiid  antT  Mood  Itas  been  drawn,  we  may  make  the  normal  niim- 
*'**''**  ber  of  respirations,  17  in  &  minute,  and  for  each  Jiitrodace 

17  cubic  itkchea  of  air,  we  have  dimmislied  the  naniber  of  discs,  which 
are  the  cairieia  of  oxygen ;  and,  as  the  experience  of  physiciana  in  all 
times  has  shown,  there  is  no  method  so  effectual  in  reducing  any  unusual 
or  febrilo  temperature-  So,  in  like  manner,  in  Asiatic  cholera,  the  marble 
coldness  whicli  the  body  p'&^nts  i^  attributable  to  the  loss  of  function 
of  (he  discs*  and  the  consequent  abatement  in  tlie  (|iiautity  of  oxygen  in- 
troduoed. 

Thus  far  ve  bare  considered  the  means  which  the  animal  mechanism 
¥ihiiiiiM  tor  P«^*s**ses  for  raising  its  own  temperature ;  it  remains  to  show 
MJHdnic  tha  how  it  can  also  regulate  it.  For  any  thing  that  has  thus  far 
iMti|K)t«iuEv.  ]jppn  gj^j  (o  ^iig  contrary,  the  combustions  or  oxidations 
which  are  continually  going  forward  should  establish  a  constant  rise,  and 
Xhv-vi>  niu*t  then>-forc  be  some  principle  of  restraining  such  a  rise  within 
dui'  Kmmlrt.  Considering  also  the  incessant  vicissitudes  of  atmoaplieric 
tttin|H'nititn\  a  ainstAUt  degree  could  not  be  maintained  unless  the  Bja- 

1  iK-wtsftfaiH.!  the  means  of  *leprcssing  as  vreU  as  devating  its  heat. 

'I'lukt  thno  means  of  n-gtilHting  the  beat  are  purely  physical,  we  should 
RMbtt  *r  an^  rx\tr*:t  tor  many  very  obvious  reasons.  Economy  of  heat  is 
»til^'ctt«ir  ■*.  •I'^'^^'^'p''*''*^  ^y  non-conducting  material.  On  this  princi- 
tuiDjr.  jdts  Katr,  wiv:>l,  and  tenthers  act  by  c:ccluilLng  the  contact  of 

ill©  fitmoaph«r««  their  low  ci^nductihility  being  brouglu  into  operation. 
Ill  iiuiny  CAse^t  the  maiinri  in  whictt  this  is  done  is  clearly  intentional. 
ThuH  the  down  which  is  |J«ced  on  the  breast  of  a  water-fowl  is  to  screen 
off  till'  eliilliiig  iitKueiice  of  the  water,  which  is  there  chiefly  felt  as  the 
hinl  HwtniH  oil  thn  aurfaiT.  TIic  dcftosits  of  fat  in  whales,  their  blubber, 
lit  oiieit  airnnbi  a  |mitiH-tion  thivugh  its  imperfect  conducfibllity,  and  is 
iJiii  a  tirore  iit' iMuihustihle  material  for  ibe  purpose  of  respiration. 

Tim  chiof  (<ooliitg  «grnri«s  in  animals  are^  1st.  Radiation ;  2d.  Loss 
flwiMduw]-  '^'"'">"''  I'V  wanning  the  expired  air;  .3d.  Loss  by  contact  of 
liiH  ii4|"hii1m.  fiio  ,.„|,i  ,ixteninl  air;  Jth-  Evaporation.  The  circulation  of 
llio  lilood  Iptidii  lo  Dulnbliah  an  ijitcrior  equalization,  so  that  local  varia- 
lliiiiJi  arc  H'i'Mi  oliJiliTHled ;  fnr,  tlinnigh  whatever  part  the  blood  may  How, 
II  ullaitiH  tli«'  lenijieniturei  lluu-eof,  and,  passing  in  succession  from  part  to 
■Tt,  ec|lialiiECfl  thu  IkuiI  of  all. 

would  bn  LiatileRA  lo  olft-r  any  proof  that  n  li^nng  being,  like  an  in- 
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orEninic  mass,  loses  or  cmins  heat,  as  tlie  case  mar  be,  by  ra^- 

f  o'  I  ■  *u      *  ^         ■  11       Of  radiation, 

ation.     omce,  howevert  m  man,  the  temperature  la  usualij 
higher  thaji  tlint  of  tlie  surrounding  medium,  the  result  of  this  action  is 
that  cooling  lakes  place.     With  regard  to  Iob9  of"  heat  by  wamiiiig  the 
expired  air,  it  may  be  observed  that^  whatever  the  temperature  of  the  es- 
tcmfd  air  may  be,  it  is  raised  to  that  of  the  Kings  after  it  lias  been  brought 
into  the   re-niiratory  passages.       This   constitutes,  therefore,  a  coohng 
^ency  of  variable  power,  for  the  loss  will  be  greater  as  the  esterual  heal 
is.  lower:  if  the  atmospheric  tenij^erature  rose  to  dH^,  lose  in  this  manner 
would  cease.      R<.«ailiiig  what  has  been  said  rc-spectiug  the  mode  hi  which 
air  is  introduceib  it  is  plain  that  this  loss  will  cliiefly  fall  Hut  eiven  ts 
upon  the  nasal  passages,  the  trachea,  and  larger  ramificationa  tiietxinrediiir. 
of  the  bronchial  tiilx'a ;  for,  by  the  time  the  volume  inspired  has  made  its 
way  beyond  that  limit,  its  temperature  must  be  nearly  that  of  the  body. 
The  contact  of  the  cold  surrounding  air,  and  more  ptirlicular-  Contact  at  the 
ly  of  currents  which  may  be  occurring  in  it,  act  chictiy  Upon  sutTounitLng 
the  skin,  and  it  is  in  preventing  this  loss  that  clothing  be- 
comes so  efScient.     Tlie  difference  we  »o  frequently  notice  between  the 
indications  of  the  thermometer  and  our  own  sensations  are,  Ibr  the  most 
part,  dependent  on  these  currents.     A  temperature  of  50°  below  zero  can 
be  &u3.tained  without  much  inconvenience  if  the  air  is  perfectly  calm, 
but  not  so  if  there  is  any  wind.     Of  all  the  cooling  agencies,  evaporation 
is,  however,  by  far  the  moat  energetic.     From  the  skin  and  p    y     ^ 
the  air  cavities,  large  quantifies  of  the  vapor  of  water  are  es-  evsporaiiun  or 
haled.     As  tlic  external  heat  rises,  the  sudoriparous  tubes  act  '"'*"'''■ 
with  increased  energy,  and  jiour  Out  their  uxcretion  as  drops  of  sw€at 
faster  than  it  can  be  renDoved,     Their  length  has  been  estimated  at  28 
miles.      Since,  at  the  temperature  of  the  body,  the  heat  of  elasticity  of  the 
vapor  of  water  is  1114°,  this  continued  vaporization  from  the  skin  and 
lungs  is  one  of  the  most  powerful  sources  of  refrigeration. 

It  may  be  well  to  direct  a  closer  attention  to  the  special  action  of  the 
air  passages  and  skin  as  concerned  in  these  cooling  process-  ^    .  ....     . 

cs*  The  diurnal  loss  of  water,  by  both  organs  conjointly,  is  tLc  nctimi  of 
usually  estimated  at  3^  lbs.,  of  which  the  pulmonary  exha-  '  ' ""  '"' 
lAtioa  constitutes  abo'it  One  third,  !uid  the  cutaneous  about  twO  thirds. 
The  skin  acts  in  a  variable  manner,  losing  more  or  lees  water  as  the  cji- 
tenial  air  is  dryer  or  more  damp,  Tlie  removal  of  water  therefore  be- 
comes a  complex  operation,  in  which  three  diiVerent  organs  are  concerned 
— the  skin,  the  lungs,  and  the  kidneys.  Of  these,  the  skin  acts  meteoro- 
logically and  variably,  as  has  been  just  remarkotl,  and  the  respiratory  or- 
gans for  the  most  part  uniformly.  But  since  it  is  requisite,  in  the  nor- 
mal operations  of  the  system,  that  tlie  diurnal  average  of  water  should  be 
removed,  the  variable  action  of  the  skin  throwa  a  variable  actioti  upon 
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V    "ftn*  te-     *^^  tiiliieyaT  for  tlie  exce^  tliAt  tlie  skin  can  not  cvaponte 

yonwf(bfkid-  moet  "be  strained  off  by  these  oigauB.  In  this  xegaid  the 
''*^'  kidneys  act,  therefore,  ricaricasly  for  the  skin :  and  in  hot 

weather,  when  tlie  catancOQfi  losses  are  great,  bat  little  iinnoisdiarhRrgpd; 
but  in  cold  weather,  when  the  cutanecod  loss  is  diminished,  the  quantity 
of  the  urine  is  increased. 

I  tliitik,  however,  that  aa  regards  the  respiratorj'  organs,  a  distinction 
_         ..    .    should  be  made  in  their  mode  of  action.     In  reality,  ther] 
tht  air  |ui«-       Operate  in  a  double  way.     Isl.  They  act,  so  far  as  the  nvul 
^*^*'  passages,  the  trachea,  and  larger  ramifications  of  the  hron- 

ciiial  tubes  are  concerned,  ineteorologicaUy,  and  tlicrefore  Toriably,  for 
the  introduced  air  jxisaeases  the  existing  atinoRpheric  temperature;  is  at, 
one  time  wann,  and  at  another  cold ;  yet,  since  it  always  leaves  these 
passages  at  94**,  it  remo%-e3  from  their  surfaces  sometimes  less  and  some- 
times more  heat;  but  it  is  not  ao  with  the  action  gping  on  in  the  aitw. 
cells,  the  temperature  of  which,  and  of  the  air  they  contain,  is  aJwaya 
uniform ;  and  as  water  vaporizes  into  th«n,  it  must  always  do  it  at  a  uni- 
form rate,  and  remove  as  its  caloric  of  elasticity  a  uniform  amount  of 
heat.  I  therefore  decompose  the  loss  of  heat  by  the  respiratory  organs 
into  two  portions :  one,  which  is  constant,  and  taking  place  in  the  cells ; 
the  other,  varraltle,  occurring  in  tlie  large  air-waya,  and,  being  meteoro- 
logical, coincides  in  thja  respect  with  the  culaneoiis  loss.  In  eonsider* 
ing  the  diseases  of  the  respiratoiy  organs,  it  is  well  to  keep  this  iUslino> 
tion  In  roind. 

The  establiahmetit  of  the  equilibrium  of  temperature  in  an  animttl  is 
Balance  tie-  effected  by  the  mutual  operation  of  the  heating  and  cooling 
iDelndcMiitK  '"T^*"g<^in*"'t''-  Moro  or  less  heat,  as  the  system  requires, 
uTsn^cTuE^ats,  may  be  famished  by  promoting  or  retarding  the  oxidation 
of  respiratory  material ;  and  since  a  living  being,  Uke  an  inorganic  mass^ 
is  subject  to  every  external  induence,  its  temperature  tending  to  rise  or 
fall  as  diurnal,  or  annual,  or  seasonal  changes  may  be,  these,  as  well  as 
Elimination  nf  'ts  owu  Interior  variations,  are  held  in  check  by  the  cooling 
ii«-«j  «»Hiiti(itii  oy  ss-annine  powers  it  Can  esert.  Local  differences  within 
lionorihe  itself  are  eliminated  in  an  indirect,  but  stilJ  very  effectual 
.itMHi.  manner,  by  the  circulation  of  the  blood ;  and,  considering 

the  range  of  Tariation  to  which  it  is  exposed,  and  the  frequency  of  the 
changes,  the  required  equilibrium  is  admirablv  secured. 

I  have  reserved  for  a  more  special  and  prominent  consideration  the  in- ' 
r^bwi  of  tha  ^"^"ce  which  the  nervous  system  exerts  over  animal  heat, 
Bwvodi  ry*-  since  it  is  upon  t!iis  that  many  have  been  disposi'd  to  deny 
tlie  great  truth  that  the  heat  of  the  body  arises  from  oxida- 
tion. They  say  that  it  is  produced  by  the  nerves.  Even  a  mental  emo- 
tion gives  riae  to  disturbance  of  temperature,  and  the  face  may  be  cove^ 


INFLUENCE  OP  THE   KERVOUa   SYSTEM. 


187 


ed  with  bluehea.  Moreover,  as  experiments  have  proved,  on  catting  b. 
nerve  the  temperature  of  the  parts  it  eUppHes  declines ;  on  injuring  the 
great  nerve  centres  the  teniperaCure  of  the  whole  system  lowers,  even 
though  artilicial  respiration  may  be  kept  up.  Id  cases  of  paralysis,  the 
temperatoio  of  tlie  disabled  part  may  be  very  much  lower  than  that  of 
the  sotind.  A  paralyzed  arm  hiis  shown  a  smi'ace  heat  of  70°  only, 
while  the  aound  one  has  been  at  92°,  It  is  also  said  of  decapitated  ani- 
inals  that  they  cool  quicker  when  artificial  respiration  is  kept  up  than 
when  they  are  let  alone. 

All  this  may  be  very  true,  yet  it  is  very  fer  from  proving  that  the 
nervea  are  the  generators  of  animal  heat.  The  engineer  of  a  locomotive 
can  regulate  the  speed  of  his  train  and  control  the  production  of  steam  by 
tlu:owiiig  more  or  less  fuel  on  the  tire,  or  by  supplying  it  with  more  or  less 
lur;  but  does  any  one  impute  the  production  o£  the  heat  to  him?  If 
an  accident  should  throw  him  off,  thereby  estaldishing  a  sort  of  analogy 
between  his  machine  and  the  decapitated  animals  we  liave  referred  to,  the 
stoppage  that  would  soon  ensue,  and  the  dying  out  of  the  fire,  woiJd  by 
HO  means  prove  that  he  made  the  heat ! 

And  80  with  the  nervous  aysteni,  its  function  is  not  a  generative,  bat 
3  controlling  oce.  It  determines  in  wliat  way  the  cotnbustive  or  oxidiz- 
ing actions  shall  go  on,  but  that  is  a  totally  different  aH'air  from  forming 
the  heat. 

Before  specifying  more  particularly  the  views  I  entertain  on  this  sub- 
ject, I  will  remark,  that  the  most  snperticial  consideration  satisfies  us 
that  oxidation  in  the  system  goes  <in  in  a  regidated  way.  There  is  not 
an  indiscriminate  attack  made  by  the  arterial  blood  on  whatever  ia  next 
Ijefqte  it,  but  those  particles  only  are  removed  which  the  needs  of  the 
eyetein  re(]uire.  This  therefore  imphes  some  overriding  or  superintend- 
ing ^ency,  which  can  save  one  atom  from  destruction  and  surrender  an- 
other. The  portion  assaulted  may,  to  all  appearances,  be  identical  in 
phyaical  aspect  and  ciieiriical  constitution  to  an  adjacent  one  that  ia  pass- 
ed by.  There  seems  to  be  an  arrest  or  suspension  of  affinity  in  one  ease, 
and  its.  ready  satisfaction  in  the  othcn 

Tlierc  are  some  well-known  facts  in  natural  philosophy  which  throw 
a  flood  of  light  on  this  obscurity.  If  a  piece  of  pure  zinc  physkal  anal- 
be  placed  in  a  class  of  acidulated  water  beside  a  piece  of  "^^'^  lo  this 

,  ,  ,  ,  -  t  cDtilrul  oftlia 

cop})er,  BO  long  as  the  metals  are  kept  apiirt  no  action  what-  nen-ousiji- 
ever  ensues;  but  if  a  conducting  thread  is  laid  from  one  to  '*™- 
the  other,  the  zinc  instantly  begins  to  oxidize,  clouds  of  hydrogen  gas 
bubbles  rise  from  the  cop|>er,  and  the  tliread  becomes  at  once  red-hot  imd 
magnetic.  On  hfring  the  coramuiucatlnf;  tliread  all  these  actions  cease; 
on  restoring  it  they  instantly  recur.  We  think  we  explain  them  by  say- 
ing tliat  they  are  all  due  to  the  decomposition  of  water  hy  the  zmc.     But 
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why  waa  the  zinc  passive  when  alone,  and  why  did  it  iLssurac  this  activ- 
ity when  merely  touched  by  another  metal?  Does  not  all  this  serve  to 
ishqw  that  substances  may  be,  as  it  were,  in  a  quiescent  state,  and  on  the 
application  of  what  may  perhaps  seem  the  most  inbignificant  cnusi^  may 
suddenly  nsiaunic  activity,  and  forthwith  sjitiffy  their  chemical  alhnities  i 
There  i»  nothing  in  the  graduated  osidalionH  going  on  ui  the  system 
more  obscure  or  more  imaccomitaLlc  than  the  phenomena  of  a  simple 
Voltdic  cirele.      Their  effects  are  almost  parallel. 

All  elementary  subgtanct'S  appear  to  have  the  rjnality  of  assuming  active 
AUo.iruiiiBiii  of  a-iiJ  pasEive  conditions.  Carbon,  moreover,  prcsemts  many 
iiodies.  intermediate  forma.     As  diamond  it  is  extremely  incombus- 

tiblcr  and  is  set  on  (ire  with  difticulty  even  in  oxygen  gas ;  iis  lampblack 
it  will  kiiidle  spontaneously.  With  these  differences  in  its  relations  with 
oxygen,  it  also  esliibits  great  variations  in  its  optical,  caloritic,  niedjan- 
ic«J,  and  other  properliea.  These  Iransitiona  of  state  may  be  induced  by 
vnriouH  causes,  caiwcially  by  the  agency  of  what  are  called  the  impon- 
derable principles,  as  by  rise  of  temperature,  and  exposure  to  the  sun- 
liglit.  Thus,  in  the  case  of  chlorine,  I  have  shotvn  that,  though  it  re- 
I'liHOM  to  combine  with  hydrogen  so  long  as  it  is  in  the  dark,  an  esrposure 
lo  indiifOi-olorv'd  light  will  cause  it  to  unite  with  esploslve  energy  with 
tiiftl  BuUrtlftncc  ;  and  these  pecuHarities  arc  retained  by  bodies  when 
tbcy  go  into  union  with  eacli  other.  Thus  there  are  two  forms  of  phos- 
phorus, the  one  active  and  siuiiing  in  the  dark,  and  therefore  readily  ojd- 
iliy-fibh';  the  Other  pasaivej  not  shining  in  tlie  dark,  and  with  therefore  a 
IvHi*  adiuily  lor  oxygen;  and  these  severally  give  rise  to  two  varieties 
of  phO'Ni>ltureted  hydrogen,  which,  though  liaving  the  same  composition, 
vet  dilltT  in  this  respect,  that  the  one  containing  the  active  form  of  phos- 
phoiiiB  IB  »|"intnucously  combustible  in  the  air,  but  the  other,  which  con- 
laiiiH  the  ]HtHf<i\'e  fomi,  is  not  spontaneously  combustible.  Fhosphorus 
in  thrown  tiroui  the  active  to  the  inactive  state  by  mere  exposure  to  the 
jnore  refrangible  ravrt  of  the  sun. 

The  proiRTtics  here  spoken  of  have  been  designated  by  BerzeltUB  as 
AlbiniMimn  uf  '^"''  "'Itilropisra  of  bodies.  I  have  endeavored  to  prove  that 
■irKi»ii"i<i  iwJ-  allotropism  is  the  true  cause  of  many  of  the  obscure  facts 
which  Wo  meet  with  in  the  animai  oiechaiiiism  ;  for  it  is  Veiy 
clear  that  nomething  so  modifies  the  relations  of  the  tissues  to  oxj'gen 
that  they  arc  not  indiscriminately  destroyed  by  it,  but  these  parts  yield 
in  a  nicariiired  or  regulated  way;  and  since,  in  inorganic  &uhstancca,  Uic 
ifilliicQcc  of  the  inijxinderahles  can  compel  the  assumption  of  an  active  or 
liAHHive  atalc,  there  is  nothing  contradictory  in  imputing  to  the  ncrvouB 
Hytlcm  a  similar  power. 

In  this  manner  wc  may  therefore  conclude  that,  so  far  as  tiseue  dc- 
utructton  is  concerned,  the  nervous  system  possessee  a  governing  or  eon- 
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trolling  power ;  that  hj  keeping  parts  in  states  answering  to  the  passive 
and  active  conditions  ot" inorganic  chemistry,  it  can  suspend  the  action  of 
the  respired  oxygen  or  permit  it  to  take  eftbcf.  This  controlling  power 
isj  however,  altogether  distinct  from  a  generative  one,  and  all  the  heat  dig- 
engaged  is  due  to  oxidation.  It  is  also  possible  tliat  not  only  are  these 
states  of  actiWty  or  passivity  impressed  on  tlie  tissues  by  the  agency  of 
the  nerves,  hut  also  upon  the  respired  oxygen  itself^  since  that  gas  is  no 
exception  to  the  rule ;  it  also  exhibits  aljolropism.  Its  passive  state  is 
Priestley's  os;}'gen,  jta  active  is  Ozone.  In  its  transit  from  the  air-cella 
into  the  blood  it  may  experience  such  a  change^  and  have  at  once  com- 
munic-ated  to  it  a  high  degree  of  activity. 


CIL\PT£R  XL 
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BEBorB>  irncoDe,  jmv  osf^nc  sscfiEnovB. 

Oi^'tvl  njf  Stcrttiatt. — 7^^  of  sfrrrfimf  Mrrhanimii. — filtration  nad  Celt  Aditm. — Of  SfroBx 
M'.mhrantx  and  thnr  SecTi<tiQii».^Of  Maiyms  Membranrj  ami  thtir  Secrrtions. — O/'JJffuUirSt- 
rrrriani. — Hif  L!ver :  ifa  Lheelapramt  imd  Sinictare. — .':iour/:e,  Quasttly,  l^hmjMisituin,  {'»<■,■-,. 
oiirf  t'lov  iff'tht  liilc. — Kiiitf^ace  o/'lriluirif  hnjredients  in  the  Jitood. — I^rodtitlwn  of'  Saijivr  nut'/ 
fal  in  the  Liver. —  C^arv/ei  iifllic  Bliiotl-crila  in  it. — Gfitfruf  Summary  tfl' the ^fmir-Jhlii  Artirm 
oftht  laftr:  it  prmittcea  fioffOf  itnd  Fat,  rdrHinatrs  liile,  it  tht  Seat  a/ thtjiaal  JJesltHrlion 
of  aUl  B!aud-etUt,  aivi  a/the  Coutp&tioRof  fnew  Oitts. — t^'lhe  duetlaa  UicauU. — TJie  Sfteen : 
its  FunctUiTM. 

Two  classes  of  substances  occur  in  the  blood — the  products  of  decay 
Attd  the  elements  of  nutrition.  The  equilibrium  of  the  system  retpiires 
that  the  former  should  be  removed  and  the  latter  appropriated. 

The  primary  object  of  the  function  of  secretion  is  this  dismissal  and 
appropriatioiL,  and  therefore,  through  the  latter  duty,  SKre-  object  of  »««- 
tion  becomes  connected  with  nutrition.  *'•>"■ 

The  elementary  type  of  a  gland  or  organ  of  secretion  consists  ot  a  sac, 
on  the  interior  of  the  wall  of  which  a  network  of  arterial  ramifi-  ^jp^  ^f  „ 
cations  is  spread ;  this  delivers  its  blood  into  a  Biuular  network  U^'^^ 
of  veins.  The  matter  which  the  gland  is  destined  to  separate  ooze^ 
from  the  arterial  capillaries  into  the  interior  of  the  sac,  and  is  dcUvercd 
through  the  neck  or  mouth  thereof,  which  may  be  spoken  of  as  the  duel. 
It  will  he  presently  sliown  that  the  material  which  thus  tinds  ita  wav 
into  the  interior  of  the  sac  is  not  fabricated  by  that  organism,  but  is 
brought  to  it  pre-existing  in  the  affluent  current  of  arterial  blood.  As 
our  knowledge  of  the  ftinctions  of  glandular  stnictnrea  becomes  mor<^ 


190 


VICAEIOCS   BECRETION. 


precise,  the  leas  and  less  does  it  appear  probable  that  the  accreted  matter 
IB  in  any  way  engend'^red  lny  the  gland  itself. 

Since,  witii  ibc  exception  of  the  lujigs,  which  escrete  carbonic  acid  and 
Ch«nire  i  ^"PO''^  ^^  water,  all  tlie  great  glands  remove  the  material  tiiey^ 
gUn'iluliir  are  concerned  with  in  a  state  of  liquid  solution,  it  follows  of 
"  ■  necessity  that  the  blood  of  the  artery  supplying  the  gland,  and 
that  removed  by  the  vein  from  the  gland,  differ  in  two  respects :  1st.  In 
the  peculiar  material  constituting  the  solid  accreted ;  and,  2d.  In  the 
qitaiility  of  water.  From  the  latter  cause  it  must  follow  that  the  venous 
bloijct  will  have  a.  greater  apissitude  than  the  arteriah 

This  elementary  or  tj^ical  form  of  a  gland  is  but  very  little  departed 
ficxn  in  those  cases  In  which  the  sac  is  elongated  into  a  tube;  and  even 
where  this  has  been  extended  to  an  exaggerated  degree,  the  csaentiul 
principle  of  action  still  remains  the  Bame. 

From  the  constancy  of  aspect  which  glands  present,  we  might  be  led  ; 
tufliirncc  of       at  Hrst  to  suppose  that  their  i>eculi.iritle5  of  construction  de- ' 
hrTi'lHuuTfto-  ^f^t^inf*  their  physiological  action,  that  the  lircr  secretes  bile, 
Wnii.  and  the  ktdiiey  urine.,  hecauae  they  Iiave  the  special  organ- 

ijsntiou  which  is  ncedlTil  for  such  purposes.  Such  a  Supposition,  how- 
ever, has  to  bo  received  with  much  limitation,  as  Is  proved  by  nuraber- 
lei^x  castes  of  ^'icarioua  action.  Thus,  in  morbid  diihcullios  of  the  liver, 
the  skin  will  discharge  ita  duty  for  it  in  the  elimination  of  the  bile ;  and 
in  derangenienta  of  the  kidneys,  the  manunary  gland,  the  mucous  mem- 
brane of  the  nose,  or  even  the  stomach,  will  discharge  urine.  Constnict- 
iw  mrangt'nicnts  have  thetefiire  for  their  object  the  facilitating  of  *ocr^ 
tion,  Init  they  do  not  produce  it.  Thus  the  liver  ia  far  better  fitted  for 
iir|mniling  bile,  or  the  kidney  urine,  than  is  the  skin  for  each  of  tlieae  re- 
Hpecrivrly  ;  but  if  they  become  incapacitated,  the  skin  is  able  to  act  vicar- 
rioHnly  for  them. 

Though  noch  vicarious  action  has  been  denied  by  some  physiologists 
r»iiiiri'tl»ii  i)f  as  being  totally  incompatible  with  anatomical  indications,  a 
^u»"»lT,l*v^p^  *"''^™  profound  conception  of  the  law  of  development  of  these 
(i|.i».>i>(.  Eitnicturcs  may  &atis^  us  th&t  it  i$  in  reality  a  physiological 

[irobiibilify,  a{Hirt  from  the  endence  we  have  often  derived  from  iniereat- 
iiig  iuxlanct'a  of  its  uctuid  occurrence.  It  will  be  fieen,when  we  treat  of 
the  priniilivo  apiH'arancc  of  the  difterent  secreting  organs,  that  they  are, 
ill  rralily,  all  evolved,  as  it  wrre,  from  a  common  surface  or  membrane; 
timl  this  primitive  surface  dischaip^d,  though  pertiapa  in  a  confused  way» 
nil  (heir  functions  eotlectiveiy ;  and  that  in  development  the  ruling  ide* 
Hceins  to  be  the  separating  out,  or  localining  upon  a  determinate  sjwt  or 
region,  structures  which  should  ha^-e  the  duty,  in  a  special  maimer  at- 
tached to  them,  of  removing  tliie  or  that  particular  substance,  a  ceatwl- 
ixnlion  or  concentration  of  action  thus  occurring.     There  ia  therefore 
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nothing  estraordmary  that,  under  the  pressure  of  circtimstances,  one  of 
the  special  structures  should,  in  an  imperfect  way,  resume  the  action 
which  it  once  enjoyed,  wiiilc  it  was  yet  a  part  of  the  comnmn  structure: 
but,  however  this  may  be,  the  cases  of  vicarious  action  are  too  numer- 
oua  and  too  well  authenticated  to  admit  of  any  doubt. 

Though  these  vicarious  actiona  may  be  in  a  certain  degree  imperfect, 
they  are  of  the  highest  importance  phy  Biologically,  since  they  indicate  the 
true  nature  of  tlie  function,  and  place  the  influence  of  structure  ia  its 
proper  attitude. 

The  separation  of  material  from  the  blood  may,  bowever,  for  the  prea^ 
ent,  be  considered  a3  conducted  in  two  different  ways  ;  1st,  by  filtration : 
2d,  by  cell  action. 

Secretion  by  filtration  ia,  of  course,  a  purely  physical  act.  The  trans- 
adation  of  water  charged  with  saline  substances,  or  with  more  Separation  tf 
or  less  of  albumen,  seema  to  imply  nothing  but  the  escape  of  [ha'iliMi^i.F 
pre-existing  boilics  through  pervious  or  porous  membranes,  nitration. 
Such  a  result  is  presented  in  the  case  of  the  lachryroal  gland,  the  dnty 
of  which  ia  to  accotdpHah  a  definite  Tncclianical  operation  for  the  eye  in 
keeping  the  cornea  dear  and  transparent.  This  mcchsLnical  function  is 
again  observed  in  the  case  of  the  serous  membranes,  and  particularly  tiie 
synovial  ones,  in  which  the  relief  of  friction  of  movable  parts  seems  to  be 
tlte  object  aimed  at. 

As  long  aa  the  material  secreted  clearly  pTe-csiata  in  the  blood,  it  is 
needless  to  refer  secretion  to  any  otfier  principle  than  the  simple  one  of 
transudation  or  filtration.  It  would  be  unphiloaophical  to  suppose  that 
the  lachrymal  gland  exercLsea  (uiy  property  for  the  formation  or  produc- 
tion of  water  when  by  mere  transudation  copious  suppU<>8  of  tliat  auV 
stance  can  be  obtained  from  the  blood. 

But  secretion  ia,  moreover,  perhaps  connected  with  cell  life.  On  the 
upjier  part  of  the  intestine  of  the  young  chick,  a  few  cells  gecwtton  i>y 
maJie  their  appearance  about  the  fourth  day  of  incubation,  enaction. 
They  are  eventually  recognized  aa  bile-containing  cells  from  the  color  of 
their  contents.  Aa  the  proccaa  goes  on,  the  spot  they  occupy  buda  off. 
as  it  were,  ao  aa  to  produce  a  blind  pouch.  This  offshoot,  with  its  ex- 
terior cella,  is  eventually,  when  perfect  development  is  reached,  the  liver. 
Secreting  organs  of  this  glandular  class,  and  also  membranes,  possess  a 
general  .inalogy:  they  consist  of  a  atructureleaa  basenaent  membrane,  with 
cell3  upon  its  surface,  and  a  supply  of  blood-vesaels.  The  cella  are  not 
persistent,  but  lead  a  very  transitory  life,  apparently  elaborating  the  ma- 
terial with  which  they  are  charged,  and  then  undergoing  rupture  or  deli- 
Kjutsccnce. 

Our  conclusion  respecting  the  mode  of  action  of  secreting  cells  tuma 
altogether  upon  the  evidence  of  the  power  they  possess  of  preparing  mn- 


terial  whicU  did  not  pre-exist  in  the  blood.  Tlius,  if  it  should  "bo  bIiotcti 
that,  under  normal  circumstancea,  the  clemcntB  of  bile  are  not  found  in  the 
blood,  the  inference  miglit  be  drawn  that  the  hepatic  cells  disjilay  a  cotn- 
biningt  oi"*  "s  it  wero,  a  preparing  power;  and  so  likewise  in  tiie  case  of 
other  accreting  cells;  but  the  weight  to  he  attached  to  &uch  evidence  is 
greatly  affected  by  the  consideration  tliat  the  action  of  each  gland  or  bp- 
Diffleultyofili?-  cretiog  apparatus  tnasks  what  is  really  going  on  In  the  sye- 
Kc^ST  **'™"  ^*  ^  possible  th«t  we  may  be  scarcely  able  to  discov- 
thp  bi«o.t.  er  the  traces  of  substances  in  the  blood,  and  yet  a  tendency 
may  esidt  for  their  accumulation  to  a  great  extent.  Tliua  Ihere  can  be 
no  doubt  thnt  urea  would  abound  tlirough  the  disintegration  of  the  mus- 
cular stnicttires,  and  the  use  of  nitrogenizcd  food,  if  it  were  not  for  the 
notion  of  the  kidneys.  It  is  the  very  perfection  of  that  action  ti'hicli  so 
(liniiiiLshca  the  amount  in  the  circulation  as  to  prevent  us,  except  with 
difficulty,  from  detecting  the  presence  of  the  ingredient. 

Nor  13  this  all,  for  it  ought  to  be  xemcmbered  that  many  of  the  prod- 
ucta  of  accretion  arc  substances  undergoing  retrograde  nielamorpUoaes, 
anil  Imvo  Iticreforp,  as  it  were,  in  themselves,  an  interior  principle  of 
changii.  It  is.  conceivable  that  things  which  did  not  pre-€xist  in  the 
blood  may  yet  occur  in  the  seeretions,  coming  there,  not  through  the 
agency  of  cell-life,  Iml  iKrausc  of  the  downward  course  toward  an  inor- 
ganic comlilion  through  which  the  accretion  is  spontaneously  passing. 

Of  (ho  more  ]>ro]ninent  substjuices  in  the  chief  secretion^  many  indis- 
liiitaMv  piT-cxiwt  ill  the  blood.  Urea,  cholesterine,  casein,  are  examples. 
Wlii'nn'iT  tbi.H  occurw,  llic  removal  Is  umjucstionably  due  to  mere  tiltni- 
lioii.  Why  should  it  be  snp|TOsod  that  the  cells  of  the  kidneys  have  ani 
duly  of  combining  miiterial  presented  to  thera  into  utqsl,  or  ihoHe  of  the 
liver  into  i-hi^Ieatt-rinc,  or  those  of  the  mammary  glaiulB  into  c«scln^  As 
our  mi^lliotlit  of  examining  the  blood  become  more  perlcci,  this  formative 
or  grouping  uctiou.  once  eo  largely  imputed  to  the  sccToting  ccUa,  be- 
comes more  and  mon*  restricted. 

Till'  cancel  ill  which  ihe  influence  of  cells  is  indisputable  arc  those  whicli 

„  .  ofler  to  na  combinations  of  progressive  inctamorj>ho.'!i8.     Of 

fiitmtifiii  nn.i  thcflc.  ihn  most  striking  instance  is  the  prei^aralion  of  thp  fper- 
"'■"'"""'"""  malic  Ibiid.  IVrhapa  wc  should  uot  be  very  far  Irom  the  truth 
if  we  conflidcrod  oil  thr«*o  secretions  in  which,  the  materials  are  in  a  state  of 
p'trogrmh*  nic'tiunorpIio*is,  or  in  a  descending  enrccr,  as  arising  by  men- 
iillrivfi'Hi,  and  lliowe  which  arc  nsccnding  to  a  higher  grade  as  due  to  cell 
agency;  between  the  two  there  being  an  intermediate  class,  the  phase  of 
whicli  is  slalioniirv,  and  in  which  ceils  may  or  may  not  be  necessarily 
iiivolveti,  as,  fur  instance,  (lie  transmutation  of  one  fat  into  another,  or 
ihc  preparation  of  sugar  from  albumcnoid  bodies. 

The  n]Ti>firatus  for  secretion  ia  generallv  conveniently  treated  of  uodcr 
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tiro  head^ :  1st.  Membranes,  t^uck  as  the  herons  and  mucous ;  2d.  G-lands, 
as  tbp  liver^  kidney.  This  division  is,  however,  not  founded  eithcar  on 
structural  or  functional  differences,  and  ia  to  "be  preserved  merely  for  tlic 
sake  of  conrenience. 

A  BPcretirg  meniLranc  consists  essentially  of  a  tunic  of  connective  tia- 
aue,  affording  a  nidus  for  vessels  and  nen-es.  Upon,  this,  in  the  opinion 
of  many  atiatomiata,  a  thin  basement  membrane  ia  laid,  tlie  existence  ol' 
which  is  denied  by  olh^rs.  Upon  the  g-urlVicc  of  tbe  basement  membrane 
there  is  a  layer  of  cells,  the  form  and  arrangement  of  wliich  differ  in 
different  regions.  In  some  places  the  cells  arc  llatf  in  other.'i  cylindroid. 
Their  duration  ia  tcmporarj',  one  brood  succeeding  another  trom  germs  on 
the  basement  membrane.  The  superticial^  and,  thereforej  the  older  oellfl, 
desquamate  or  deliquesce,  and  are  replaced  by  others  from  beneath.  It 
19  usually  aaid  that  the  aerous  membraneSf  with  the  exception  ^ 
of  the  peritoneum,  are  all  closed  aacs,  the  peritoneum  being  braneBand 
perfonited  where  the  fimbriated  extremities  of  the  Fallopian  ^'^  ^'^"'^  ""■ 
tubes  open  into  the  abdominal  cai-ity  in  tha  mammalia,  and  in  fishes 
tlirough  the  lateral  anal  openings.  The  generality  of  this  view  is  now 
called  in  question,  botli  as  regards  the  B^Tiovial  sacs  and  bursa?  mucosa*, 
which  all  belong  to  this  group.  Thus  KoUiker  regards  the  synovial 
structures  as  tubes  open  at  both  ends,  and  atlaclied  by  their  edges  round 
the  articular  surfaces  of  tlic  bones. 

However  this  may  be,  even  the  peritoneum  is  practically  a  slmt  sac 
Accumidationa  of  water  within  it  do  not  escape  tlirough  the  apertureia  of 
the  Fallopian  tufea,  nor  can  air  be  injected  the  opposite  way. 

The  fluid  exuding  from  the  serous  surfaces  is  a  dilute  albuminous  so- 
lution, more  dilute  as  it  is  presented  io  the  ventricles  of  the  „  „  . , 
uram,  ami  more  concentrated  m  the  synovial  cavities,  its  con- 
eatency  in  the  latter  case  being  BUch  that  it  may  Bometimcs  be  drawn 
i>ut  in  tenacious  threads.  The  mechanical  qualities  of  these  various  ex- 
udations permit  a  certain  freedom  of  motion  in  the  parts  to  wliich  they 
are  applied.  Thus  the  secretion  of  the  peritoneum  facilitates  the  niov^ 
ments  of  the  abdorauial  viscera;  those  of  the  pericardium  and  pleura,  of 
the  heart  and  lungs;  those  of  tlie  synovial  membranes  and  bursa;  mu- 
cosa', of  the  joints  and  tfindons. 

Tlie  nature  of  serous  secretions  may  be  illustrated  by  the  cases  of 
fluids  collected  from  the  abdominal  and  thoracic  cavities,  &c.  They 
are  usually  of  a  faint  yellowish  color,  clear  or  turbid,  reaction  alkaline, 
and  sometimes  containing  so  much  albumen  as  to  coagulate  readily  on 
heating. 
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TABLE  L 
/Vaiif  of  AtntfM.     (^Fnm  HarrAaHJ.) 

Wfttcr „ „...  05SJO 

Albumen - ».    ZS-M 

U«».. -.      4.20 

Chlondu  of  HHlJiuu 9.10 

C»rlK>iwio  uf  Roda S.W 

I'liMphue  and  tncnt  cf  sulirl»ue  dCwxIk P.QU 

A  viwid  ^ubitnncQ.. —      ft-^w 

JUUU.UU 

TABLE  II. 
Au'Uts  I'M  Sit/tjiwalion  of'tulh  fCidaofi,     {{•'•oih  tifouia.f 

Wiiior yrs-on 

Fxt  I'uiiloiuing  chutiBtsUiniic 1-UO 

AII>uiiK-ii  - ■■■■ 8.40 

Ali-'ilitil  uictriict -..■  0.80 

S[ijrit  ciUnu't .....,.-,,.. 1.70 

Cnrtiiiimtc  of  nodn  and  )i1io<^f>liiiltf.  of  lime... 1.30 

Clilitri-Ju  urMHliuui  uiiil  li>i:bktii  (if  mjiIq. C.80 

UniB. .,.., 1.20 

Loi*.... « itf 

1UUU.IM 

TABLE  m, 
Plraral  EffHt-iun.     ^From  Siuian^} 

WMer 031.72 

Fibrin 1.02 

Pat l.flS 

Alcohol  extract,  wilh  mIU........ ],3fi 

Sfiirit  cxtnic'i,  wiib  Balt«...'. 10.64 

ASbiiminatu  of  nods.... ,.,.,•,,.,.• I7.^fi 

Alhumun 31.00 

FixBd  wlu 9.50 

Gain  in  wtiil/Ei» -  7-U 

JUW.OO 

To  Um!  above  mny  be  acldeil  the  following  interesting  instances  of  fluid 
t>l"  liydrucelo,  in  wliiuli  uttention  should  lie  iiarticnlarly  directed  to  the  oe- 
currciice  of  cholGstcrinc  and  other  bile  constilueiitfl,  In  the  case  pre- 
ftciited  in  Tabic  TV.,  the  fluid  wns  observed  to  i^parkle  when  sbalicn,  in 
eonawjuence  of  the  numberlcas  eryatab  of  choleaterine : 

TABLE  JV. 
Ftuid  af  IJ^dfoixlt,     [h'tom  Simon,"} 

Water gflo.OO 

Chuletterine,  wiUi  a  itttlc  moT^arine  aud  oleic  add      8.40 

Allnimcn 48.»0 

Allmniin&ie  of  isodtt  Htid  cxtraciivc  uiattnr.,... 6.SB 

Extnu-tivc  matter  «o1ub1e  in  altohgl  , ,.....,„.,,        2,S0 

Chldrides  tif  *o(liiim  ond  cnleuiTTi,  a  IiiiId  suI- A      „ 

|iliutti  and  traces  of  ]ilios[ihatc  of  lime y 

Phiisfhntc  of  liiue  and  Cracca  of  peroxide  nfinKi...         .70 
Lwa , , 0.30 

iooo.ou 


53 


PRE-ESISTENCE   OF  SECRETED    PKODL'Ore. 


195 


13.90 


TABLE  V. 

Ftmd  of  ngtirttcfh.     (From  IhBtr.) 

W«er  .- 919,20 

Albumen ., , , 58.00 

Free  fal.., ,.  ..,, i.go 

S(i<3u  !i(ia{j,  )ii]j]ihai-in,  hieiimia-g^lubuli)],  di>*4o]v(jd  i 

liKinaliii,anii  extractive ,,,.....)■ 

Fixed  salts 7,90 

lOOOOCf 

TABLE  VI. 
Flidd  n/H^roeek.     {From  Heller-) 

Water. 9M.36 

Albumen , .._.        ,,  GO.OO 

Fat  eoiitdiimg  eliot&itcirine 0.23 

extractive  EUAitetv,  liLLt^iiinciti,  sodnM^ .  34.04 

fixed  salts,  chiefly  chioride  of  sodium 9.B7 

lUUO.OO 

TABLE  VII. 
Sgrniat  Fluid.     (Ftom  Frcridi'.) 

Wrter ..- .  ,,.  948.00 

UacDa  B.nd 'epithelinm ^.,... ...  6.00 

Fu 0.70 

Albumen  snd  Kxtravcive,,,... .,...,.  ....  S£.O0 

EWlfl 9,00 

Lon 2.30 


1000.00 

I  Iiavc  Introdnccd  these  tables  not  only  for  the  piirpose  of  exhibiting 
the  nuture  ot'  the  fluid  yielded  by  membranes  of  the  serous  PrmWcwof  «,- 
group,  but  also  for  the  sake  of  the  important  evidence  they  [g7ii!rra  Uw"* 
offer  as  regards  tjje  function  of  Becretion  itself.  In  the  in-  n^id. 
fancy  of  pliysiologj'  it  was  universally  believed  that  the  special  function 
of  each  gland  arose  from  its  peculiarity  of  conatruction ;  that  thus,  by  the 
liver,  out  of  blood  irt  which  they  did  not  pre-exist,  choleatcrine  and  its 
allied  bile  compounds  were  made ;  that  thus,  by  the  kidney,  urea  wa« 
tbrmed.  Kven  in  more  recent  times  a  modification  of  this  doctrine  has 
prevailed,  and  to  the  cells  of  which  glanda  arc  so  largely  composed,  the 
duty  Im-^  been  attributed  of  foiming  special  products.  In  this  way,  wi- 
still  constantly  speak  of  the  bile-secreting  cells  of  the  liyer ;  but  the  pre- 
ceding tables  indisputably  show  tliat  these  very  compounds,  choleater- 
Lne,  bilipliaein,  urea,  etc.,  may  make  their  appearance  in  distant  places. 
oozing  from  surfaces  wholly  devoid  of  the  supposed  sjMJcial  mechanLsni. 
[n  cases  in  which  there  occurs  structural  degeneration  of  the  kidneys, 
lor  iriatanec,  urea  at  once  makes  its  appearance  in  unaccustomed  places, 
ns  though,  when  the  readiest  avejiues  through  wliich  it  might  have  ea^ 
i-aped  have  failed,  it  bursts  forth  or  oozes  out  at  the  weakest  point. 
With  such  results,  the  idea  of  leakage  or  straining  seems  to  be  insepara- 
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bly  couniected;  and,  mowovet,  an  enlarged  view  of  the  operation  of  cell 
life  Bceins  to  indicate  that  tlie  general  action  of  tlioac  orgauiartis  is  to 
produce  a  t'oraiative  result,  the  grouping  of  amorphous  into  organized 
material,  and  the  elaboration  of  that  material  into  more  complicated  and 
hij^her  forms.  But  many  of  the  most  important  constituents  of  the  va- 
rious secretions  are  indisputably  things  wliicL  are  on  the  downward  ca- 
rcer^  fast  passing  to  the  inorganic  state.  Many  of  them,  as  presented  m 
the  bile  or  in  the  urine,  run  through  a  series  of  spontaneous  changes, 
which  end  in  tho  appearancf  of  tmly  inorganic  bodies-  For  the  fabrica- 
lion  of  such  substances,  hidl'  inorganic  themselves,  it  is  scarcely  to  bn 
thought  that  cell  life  should  Itt-  nccessaiy :  and  these,  with  inniiy  otliei- 
auch  considerations,  recall  the  observation  I  nia^le  u  few  pages  back»  that 
the  more  profoundly  we  fltudy  the  compoflition  and  constitution  of  se- 
creted fluids,  and  the  more  accurately  we  underBland  tiie  function  of  se- 
cretion itself,  lIiD  less  arc  we  di3])osGd  to  invoke  the  agency  of  cell  lilej 
lUid  to  rely  the  more  on  the  ordinary  mechanical  act  of  atrainage. 

Tliat  the  different  secreting  surfaces  exercise  an  elective  eliniination  on 
ELeriivc  Hiira.  materials  existing  in  the  blood,  some  i>erniitting  tlie  escape 
"""■  of  one.  and  some  of  anotlier  ingredient  more  readily,  may  lie 

demonstrated  from  their  action  on  saline  substances  purposely  introduced 
into  the  blood.  Thun  the  iodide  of  pota-ssium  was  detected  by  Bernard 
in  the  saliva,  pancreatic  juice,  and  the  tears  in  less  tlian  one  minute, 
but  in  the  urine  and  bile  not  until  after  an  hour.  The  fcrrocyanide  of 
potaapium  could  be  recognized  in  the  urine  in  seven  mumtes,  but  not  Kt 
all  in  the  saliva-  In  like  niaiuier,  caJie-sugar  and  grapC-augal'  anjK>ar  (H 
the  secretions  of  the  kidneys  and  liveri  but  not  in  those  of  iho  pancreae 
and  salivary  glands.  The  lactate  of  iron,  injected  into  the  veins,  fur- 
nishes no  iron  (o  the  naliva,  but  both  iodine  and  iron  can  be  recogni;;ed 
in  that  secretion  after  the  administration  of  the  iodide  of  iron. 

Upon  the  whole,  we  may  therefore  conclude  that  very  many  suhaJancefl 
arc  strained  from  the  blood  in  which  they  nnturally  occur  by  membranes 
and  glands,  which,  from  the  circumstance  that  they  are  of  varioiia  con- 
struction and  poH-Bcss  a  different  physical  nature,  are  better  adapteil,  some 
for  the  removal  of  one,  and  some  for  the  removal  of  another  compound. 

Among  secreting  surfaces  the  mucoas  mombraues  are  usually  cnumer- 
Of  mncoM  ated.  .Strictly  8(>eaking,  however,  they  are  scarcely  so  much 
width^L"J'c™.  secreting  surl'accs  as  the  seat  of  numberless  secreting  organ- 
's*"- isms.  They  line  the  interior  of  the  digestive,  respiratorj-t 
urinary,  and  generative  apparatuses,  and  arc  characterized  by  extreme  vaa- 
cuiarit!,-.  In  structure  they  con;»ist  of  several  different  layers  or  regiona, 
the  undermost  being  submucous  cellular  tissue,  ttpon  whicli  is  spreid  the 
proper  mucous  membrane,  containing  connective  and  elastic  tissue,  which 
aitbrds  a  nidus  for  blood-vessols  and  nerves.     Upon  this  is  the  Itasement 
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raembTane,  covered  with  epithelial  cells.  In  many  region*  this  compound 
stracture  rises  into  elevations,  &s  in  the  Intestinal  villi,  or  ainka  into  de- 
pressions, as  in  the  follicles. 

The  epithelial  cells  are  of  different  kinds,  sometimes  flat,  giving  ori^ 
to  tcssclated  or  pavenient  epithelium,  and  sometimes  cylin- 
droid,  each  cell,  in  thia  case,  being  set  vertically  upon  the 
basement  membrane.  In  many  instauces,  the  cj'lindroid  nucleated  celle 
are  fiimished  upon  their  outer  extremity  with  vibrating  ciUa,  constituting 
ciliated  cylindroid  epitlidium.  Both  forma  of  epithelium,  the  tcsaelatcd 
and  the  cyli^droid,  coexist  in  glandular  ducts.  The  origin  of  the  ceJlp 
is  in  the  basement  membrane,  ixom  genns  arising  there ;  and  as  the  older 
and  therefore  superficial  cells  exuviate  or  deliquesce,  new  ones  arise  to 
take  their  places. 

After  what  has  been  said,  it  is  not  necessaty  to  give  a  detailed  dc- 
jacription  of  mucoua  suri'acca  farther  tlian  to  state  that  from  Prcpcrtiw 
'Sifim  there  is  f'umislied  a  viscid,  glairj-  fluid,  of  dift'crent  shades  of '"'■iiciw. 
of  color  Irora  white  to  yellow,  denser  than  water,  and  insoluble  therein. 
Examined  by  tiie  microscope,  it  contains  granular  corpuscles  and  epithe- 
lial cells.     Its  reaction  is  alkaline,  and  its  pro:i:imate  constituent  is  a  sub- 
stance to  which  the  name  of  mucin  has  been  given.     Derived  from  dif- 
.ferent  sources,  as  the  nasal,  bronchial,  and  pulnionaTy  surfaces,  the  in- 
'teatinal  canal,  and  the  urinary  and  gall  bladders,  it  exhibits  specific  dif- 
ferences.    Its  (|Uaiitlty  ia  ofton  greatly  increased  by  morbid  causes,  A8. 
for  example,  in  catarrh,  its  composition  likewise  varying  at  different 
stages  of  the  same  disease.     Its  use,  (or  the  most  part,  seems  to  be  the 
protection  of  the  delicate  structure  ivhich  secretes  it.     In  some  positions. 
as  in  the  intestinal  canal,  it  likewise  probably  acta  in  the  way  of  reliev- 
ing trtction  of  the  substances  passing  over  .surfaces. 

Of  HEiyr&i'mg  Glands.^-The  typical  form  of  secreting  cell-gland  is  a 
single  cell,  with  its  nucleus  at  the  lower  end,  the  other  end  .si„,,,ieMi;.ii]n 
having  become  open  by  deliquescence  or  dehiscence,  and  thus  ccii-Biand. 
constituting  a  sac.  From  the  nucleus  thus  situated  at  tlic  end  of  the 
ca\-ity  broods  of  young  cells  arise.  These  become  more  jierfect  as  they 
advance  toward  the  moutli  of  the  aac.  The  outer  wall,  and  especially 
the  region  of  tlie  nucleus,  is  furnished  copiously  with  blood-vessels. 

Of  such  structures,  variously  modified,  the  diflbrent  glands  are  com- 
posed. We  shall  now  proceed  to  the  description  of  the  more  importani 
of  these,  as  the  liver,  kidneys,  mammary  gland,  &c.,  again  impressing 
the  remark  that,  though  all  these  glands  are  the  seats  of  myriads  of  cells, 
cell  life  is  for  increased  organization,  and  secretion  is  in  many  instances 
nothing  more  than  lillration  or  strainagc.  We  shall  endeavor,  as  the 
occasion  arises,  to  show,  in  the  case,  of  each  gland,  what  part  of  its  action 
IB  due  to  cell  influence,  and  wliat  to  bucIi  mechanical  permeation. 
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OF  TIIE  Ln'ER. 

TIk'  lirat  ftppfratnnce  of  a  bile-secrellug  organ  is  llic  occurrence  of  yd- 
HiHiim»ntar  low  cella  variously  scattered  iipoa  lite  lining  membrane  of  the 
ihc  llvoT.  digestive  cavity,  as  in  the  Iiydrii.  A  conrwtlration  or  local' 
ixotinn  next  cnstie^,  suc-li  yellow  ceUa  being  grouped  upon  the  wall  ol"lhe 
irifpHtinn  at  a  definite  spot.  A  coccal  projection,  in  the  higher  tribes. 
HooniH  next  tti  flirct'.  out  the:  yollow  cells,  bearing  them  on  its  exterior,  as 
in  tlur  inidi branchiate  gaateropoJa ;  and  &s  these-  ca?ea  arc  prolonged 
more  and  more,  po,  in  a  more  definite  manner,  does  the  radimontan'  liver 
ap]K^nr,  In  pioUupcs  tins  partition  ib  sufficiently  distinct.  The  /special 
(nnn  which  the  licpntic  apparatus  presents  in  difl'ercnt  tribes  varies  verj' 
(rrcHtly,  though  doubtless  the  principle  of  construction  and  of  action  is 
m  M  alwiiys  the  same,     Thnj>,  in  insects,  the  liver  con- 

BiRtg  of  long  tubes  of  delicate  membrane,  covered 
witli  pccrctiug  cells,  small  and  germ-like  near  the 
distant  end  of  the  tube,  but  more  pericct  M  the 
inouth.     These  lnbe3  mt  in  relation  with  an  adi- 
[1030  tiiaag,  which  is  probably  connected  with  the 
origin  of  the  celk.     The  diflerent  condition  of 
tlicse  cells,  when  comjHired  at  the  bottom  nn'l  ut 
llic   mouth    of  the  bilc-siic,  is  well   seen   in   Ihu 
i';Ss\^jB      case  of  crustuccanB,  aa  in  J^tff.  82,  one  of  the  he- 
^^.''•J^H       jintic  cn'ca  of  the  cmy-fish.     The  lottcr3  at  the 
1^     ^Hy^^H      ^ititi  show  the  slate  of  the  cells  in  dilft^rrnt  posi- 
tions toward  the  month  of  the  follicle.     At  a  they 
rontjiin  ycUow  biliary  matter  only  %  At  ?j,  oil  glob- 
ules arc  appc4iring  in  them,  wtiic^  become  mote 
distinct  at  c;  and  toward  rf  and  e  they  present 
the  Hp[>c:ir!inec  of  ordinary  fat-cells.     Thus,  ex- 
amined at  llie  l)Otlom  of  ihc  follicle,  the  crils  on- 
Mitu.  HMHiH  *f  ««,.Ml      |,ili„n.,  and  n^  Wf  advance  to  the  mouth  thoy  be- 
i»oinc  fdtly. 

The  runipftmiivp  nuntomy  of  the  liver  is  wpcntedin  its  order  of  devcl- 
l>«vvli<|ipiicni  opnient  in  tho  high  vcrtebrntcd  aninmbi.  In  them  it  is  first 
.i^ih»lU,T.  iK>u^^.teil  i|]  ail  evolution  of  cell^  ii|Kin  the  intestinal  wall,  at 
tlu^  point  \\hi(.'h  is  eventually  to  be  ihc  place  of  discharge  of  the  common 
biliMlncl.  Thift  ngglonieniiion  of  bilenvlU  is  next  seen  to  project  or  bud 
off  ihroogli  the  intruaton  of  a  ooraal  pooch.  In  the  amphioxns  the  con- 
"litioil  thus  rrttehedrmininKprnnanentJtndis  the  counterpart  of  tliclivw 
of  n  fowl  about  tht?  ftnirlh  day  »tf  immlwrion.  The  ca-cal  pouch  next 
i«nds  (isfth  ramiBoiliDiia,  which  we  likewise  accoramodatefl  with  ceUs, 
and  these,  hnndiiog  agatn.  glw  origin  to  a  voniptioited  structure.     Tn 
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litis  condition,  the  month  of  the  coecum  becotaea  dr3Wi3  out  and  narrowed 
'lown,  and  &0  forms  the  rudiment  of  an  hepattc  duct. 

Ill  Ttian,  the  liver  is  tiie  largest  gland  in  the  body :  it  ia  of  a  reddish- 
brown  color,  dense,  aud  irora  three;  to  five  pounds  in  weight ;  Dfacnption  ^r 
convex  on  its  upper,  and  concave  on  its  interior  surface.  It  '•''°  'i*''^'^- 
lias  tivc  lobes  ;  the  right  lobe,  the  left  lobet  the  lobus  qnadratus,  the  lo- 
lius  epigetii,  and  lobus  caudatus.  It  is  held  in  its  position  by  dupli- 
L'fltiires  of  pcritoneuin  and  by  a  tibrous  cord  termed  its  ligaments.  Its 
[peritoneal  envelope  is  the  cause  of  its  glosgy  appearance ;  its  cellular  en- 
velope extends  into  the  Interior  aa  sheaths  for  the  vessels.  Five  cla9sei> 
of  vessels  are  found  within  it:  the  branches  of  the  portal  veiu,  those  of 
the  hepatic  arter}',  those  of  the  hepatic  veina,  the  lymphatics,  and  the  he- 
[latic  duels;  (he  latter,  converging  eventually  into  a  tmnk,  the  hepatic 
duct,  joins  with  the  cystic  duct  to  form  the  ductus  communis  clioledo- 

chna.  which  diachargea  its  contcnte 
into  the  duodenum,  na  seen  in  ^i^. 
83,  in  which  a  is  the  gall-bladder, 
which  constitutes  a  temporary  recep- 
lacle  for  the  bik,  b  the  cystic  duct, 
d  the  hepatic  duet,  c  its  branches,  t 
the  ductus  choledochus,  and  A  its 
opening  into  the  duodenum. 

The  gall-bladder  is  wanting  in  in- 
vertebraled  antmala,  and  first  makes  its  appearance  in  a  mdimentarj" 
condition  as  a  dilatation  of  the  bile-duct:  it  is  absent  in  the  horse,  pres- 
ent in  the  ox ;  in  the  camclopatd  it  was  absent  in  one  individual,  and 
(he  ncKt  that  hapiiened  to  be  examined  had  two. 

The  intimate  structure  of  the  liver  in  man  is^  in  many  particalarB,  still 
imperfectly  known,  though  the  attention  ofthe  most  eminent  in,in,j„g,„(_ 
anatomists  has  been  devoted  to  it.  It  may,  however,  be  un-  wre  ortha  lu- 
derstowl  that  each  iiepatic  vein,  commencing  in  the  substance 
iif  tlie  liver,  bcara  upon  its  capillarieis  emaU  portions  called  lobules,  from 
the  ^  to  the  ^  of  an  inch  in  diameter,  in  a  manner  which  calls  to  mind 
fii,,  SI  the  arrangement  of  leaves  on  a  branch,  oi 

a  bunch  of  grapes,  as  represented  in  I^igt. 
84,  a  being  the  vein,  b,  b,  b,  leat-like  lob- 
ules on  its  brancliea.    Excluding  the  lym- 
.^  phatics,  it  may  be  said  that  four  different 
systems  of  vessels  are  en^gcd  in  tlie  liver, 
the  jwrtal  vein  and  hepatic  artery,  the  bilc- 
ducts  and  hepatic  veins.     The  first  pair 
n»PLtitrBi[i»iBwnnoLiiiMcrtii>'Ji"r     ^g  afferent,  the  second  pair  efferent  vea- 
sels.     The  iwrtal  vein  brings  tlie  blood  from  which  bile  is  to  he  aeere- 
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ted ;  the  hep&tic  artery  brings  aerate*!  blootl  for  the  nourishment  ol"  the 
gland ;  the  bilcMlucta  carry  away  the  biliary  Becretion  which  has  been 
separated  from  the  portal  blood,  and  the  residne,  taken  charge  of  by  the 
hepatic  veins,  is  eventually  earned  hack  into  the  general  ciicuktion 
through  the  vena  cava. 

A  general  idea  of  the  mode  of  arrangenient  of  the  four  vesseL?  in  the 

liver  may  be  obtained  by  recalling 
the  iUttfltration  just  given,  that  llw 
lobules  arc  placed  OE  the  commence- 
ment of  the  hepatic  veJna,  like  grapes 
on  tlieir  stalks.  The  vdn  originates 
in  the  centre  of  each  lobule,  as  shown 
at  a  a,  in  J^ii/.  85,  and  esliibits  then' 
a  ray-like  kind  of  divergenca  On 
the  periphery  of  each  kbuie,  at  6,  A,  A, 
as  it  were  on  the  surface  of  the 
grape,  tlie  other  three  vessek  rauv- 
ify.  Of  them  the  portal  vcinlets  dip 
down  into  the  substance  of  the  lob- 
ide.  The  licpalic  arteries  HkewiiM' 
enter  for  the  purpose  of  gi'iing  nutri- 
Tii  J' Iff,  86,  (T,  d  ate  the  coramenciiig  hepatic  or  intrsr- 
g^  lobular  veijia  of  two  loboles ;  K  by 

b      j^  the  biliary  ducts ;   c,  interlobular 

tissue ;  (/  d,  parenchyma  of  the  lob- 
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nles.  With  respect  to  the  bile- 
ducta,  which  ore  prominently  rep- 
resented in  this  figure,  it  is  not  pos- 
itively known  whether  they  pro- 
ceed beyond  the  surface,  and  tbe^ 
manner  in  wliich  they  are  related 
(,  to  the  secreting  ceils,  and  receive 
the  liquid  yielded  by  them,ia  a  sub* 
ject  of  e^ntrovpjrsy.  The  inter- 
spaces between  tJie  capillaries  that  have  entered  the  lobiUcs  an*  filled  np 
with  thcK  celia. 

It  13  not  known  wliether  the  hepatic  artery  discharges  Its  blood  into 
HepniicutUfl    '■''^  portal  capillaries,  or  into  those  of  the  hcimtic  vein,  and, 
for  this  renson,  it  is  doubtt'ttl  whetljcr  t!i«t  blood  takes  pari 
m  tlie  secretion  of  the  bile.     The  secreting  cells  have  nucleolated  nuclei,  i 
iuid  are  about  the  ^jlj-j  of  an  inch  in  diameter. 

In  Fig.  87,  at  a,  «,  a.  (heii'  nonnal  state  ie  BJiown.     Tliey  ore  filled' 
with  a  yellowish,  granular  soft  substance :  at  A  £  is  the  appearance  of  fnt 
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globules,  which  increase  in  number  and  size  at  (J,  c,  C,  c.     Tliey  thus  con- 
tain hoth  biliaiy  material  and  oil  globules,  the  quantity  oi'lhe  liittcr  vaiy- 
Fin.  nT.  ing  with  tlie  nature  of  the  food,  and 

-s.     in  certain  diseased  conditions  occtu"- 
tjj-   ring  to  30  great  an  extent  as  to  givc 
h({f  rise  to  the  aspect  known  as  "fiittj' 
liver."     This  accumulation  of  fiit  m 
connected  "witJi  the  respiratory  iunc' 
tion,  not  only  in  conditions  o(  dia- 
pjtao,  hnt  even  in  a  stiite  of  health : 
for,  the  more  energetic  the  resptra^ 
tion,  the  more  free  is  tiie  liver  trom  fat. 

As  the  chyle  passes  tlirough  tlxe  mesenteric  glanda  "before  it  is  dis- 
charged into  the  circulation,  so  do  the  matterB  wliicli  Iiaye  been  taken  up 
by  the  vuscidar  absorbents  pass  to  the  liver.  In  Chapter  IV.  the  bile. 
which  is  Bccrcted  from  the  portal  blood,  is  treated  of  fia  taking  jmrt  in  the 
function  of  digestion;  but  there  is  another  aspect  nnder  which  wc  have 
now  to  regard  it. 

We  »i3cak  of  the  eiTcuIation  of  the  blood,  IjecauBCi  setting  ont  from  the 
heart,  it  comes  back  thereto,  piirsning  a  course  wliich  returns  „  [i  >-  i 
npon  itself.  In  the  same  metaphorical  manner,  according  (o  spiral  coutso it 
the  viewa  of  some,  we  might  speak  of  the  spiral  motion  of  ^'  '^"'''' 
the  bile ;  for  those  of  its  constituents,  which  are  tirst  taken  from  the  atom- 
ach  and  small  intestine  by  their  veins,  appear  to  pass  in  the  portal  circu- 
lation to  the  liver.  In  that  gland  a  preliminary  partition  of  the  constitu- 
ents of  the  portal  blood  cnauea,  one  stream  setting  off  to  the  general  cir- 
cnlation  through  the  hepatic  veins,  and  another,  the  bile  itself,  returning 
to  the  intestine.  In  the  intestine  another  partition  ensues ;  the  coloring 
matter  of  the  bile  is  dismissed  with  the  fsces,  and  the  rosiduo,  taken  up 
by  the  lacteals,  paeses  through  the  mcBcnterlc  glands,  and,  either  by  thf 
thoracic  duct  or  otherwise,  gets  into  the  blood  ciroidation.  It  may  there- 
fore be  pcThaps  thought  that  t)ie  constituents  of  the  bile  have  been  twice, 
m  close  succession,  in  the  digestive  cavity,  and  have  been  twice  ahnorb- 
cd*  first  by  the  veins,  and  then  by  the  lacteals ;  and  that,  as.  It  were,  a 
spiral  course  has  been  pursued. 

The  question  at  once  arises,  what  is  the  object  of  eudi  a  conrse  ?  Wby 
19  there  this  return  to  the  digestive  cavity  ?  The  answer  commonly  giver 
is.  the  bile  takei^  part  in  promoting  the  operation  of  digestion.  Dut  the 
return  may  perhaps  be,  not  for  the  purpose  of  inducing  digestion,  but  for 
the  piu'pose  of  being  acted  on  or  digested  itself.  The  separation  of  its 
uohiring  matter,  just  alluded  to,  is  a  significant  fact 

The  portal  blood,  as  it  is  preparing  to  enter  the  liver,  may  be  regarded 
Rfl  systemic  veftous  blood,  the  constitution  of  wliieli  lias  been  altered 
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ilirough  the  adilitiona  made  to  it  by  aljBorptioii  of  matters  from  tlie  stom- 
a^  f'  f  (icli  antl  intestine^  We  may  overlook  for  tlie  present  those 
tlnportitl  iiiooil  contributions  it  receives  from  the  veina  of  tlte  spleen  and  oth- 

'  et  sotwrccg.  Eegarcliiig  it,  tlicrefore,  as  systemic  venous  blood, 
charged  TFitli  certain  of  tJie  products  of  digestion,  it  enters  the  liver  to  be 
ucted  upon  by  that  gSand.  The  first  effect  upon  it  13,  in  a  chemifal  point 
of  view,  ivell  marked.  The  stream  wliieh  setfi  otf  to  the  general  circnla- 
tion  through  the  hepatic  veins  may  ho  Hiiid  to  carry  away  the  whole  of  tlie 
nitrogenized  material ;  for  the  bile,  whidi  ia  at  this  point  parted  out  and 
aent  hack  to  the  intestine  through  the  biliarj'  diicts,  docs  not  contain  more 
than  4  jwr  cent,  of  nitrogen,  and  this  esclusive  of  the  -water  which  im- 

,     parts  to  it  its  lioidd  condition.      Arrived  in  the  intestine,  a  rep- 

'  onreo  null       •  '  ' 

i^jianiiioa  of  etitiou  of  the  same  process  of  partition  takes  place,  the  color- 
'         "'  ing  matter,  whiyh  contains  nearly  the  whole  of  this  residual  ni- 

irogcn,  being  dianiissed  with  the  tli'cea,  and  the  remaining  hytirocarbon 
[akeu  up  hy  the  lacteali  along  with  other  fats, 

The  first  duty  of  the  liver  is  therefore  a  separation  of  the  nitrogenized 
principles  of  the  portal  blood,  whieh  are  forthwith  carried  into  tlie  gen- 
eral circuUtiori  tlu-ough  the  hepatic  veins  and  the  vena  cava.  The  reaijl 
is,  tjiat  ttiere  is  returned  to  the  intestine  a  Bulphureted  hydrocarbon,  stjU 
eontaiidng  so  mudi  nitrogen  as  to  form  a  rer}'  unstable  (product,  prom- 
even  to  spontaneous  decomposition.  In  the  intestine  its  nitrogen  is  whol- 
ly removed  from  it,  and  the  combuBtihlc  hydrocarbon  is  then  absorbed. 

The  portal  blood,  regarded  under  the  asj>ect  here  presented,  is  obvi- 
p  .  oualy  composed  of  two  conslituenta ;  let.  Systemic  venous 
Mjure-jisiho  blood;  2d.  Matters  obtained  irom  the  digestive  cavity.  We 
hile  derived?  ^^_.^  inquire  from  wliich  of  these  the  bile  is  really  derived. 

Besides  the  presumptive  evidence  arising  from  the  consideration  thai 
if  the  bUe  originated  from  matters  which  had  been  just  absorbed  from 
the  digestive  cavity,  it  would  ix  inconceivable  why  it  should  be  returned 
forthwith  thereto,  its  quality  of  extreme  instability  marks  it  out  aa  a  suli- 
stance  fast  approaching  to  Hnal  disorganization  and  decomposition.  It 
l>ears  no  aspect  of  a  histogenetic  or  forniative  body,  but,  on  the  contraty, 
it  18  On  the  downward  course.  We  should  scarcely  expect  to  recognize 
it  as  a  primiuy  product  of  the  digestive  action,  but  should  seek  its  prob- 
able origin  in  some  source  of  decay. 

Wliatever  weight  may  attach  to  such  considerations,  we  have,  in  addi- 
tion, direct  evidence  which  places  the  source  of  the  bile  beyond  doubt  by 
rtfemug  it  to  the  systemic  venous  blood,  and  not  to  the  matters  just  ob- 
raincd  trom  the  digestive  cavity. 

During  fcctal  life,  tiie  digestive  organs  are  in  an  inactive  state,  but  the 
liver,  wltieh  is  largely  developed,  discharges  ilg  secielion  into  the  iftles- 
tine.  This  Rccretion,  which  is  known  as  the  meconium,  is  a  tnie  bile,  as 
the  following  fliialyj>i>^  proves. 
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Dr.  Davy  found  that  the  aah  left  after  the  incineration  of  a  sample  of 
infcomum  1:3  of  a  reddisli  color,  consisting  chiefly  of  peroxide  of  iron  jincl 
msgncsia,  ^ith  a  trace  of  pbos[^>hatc  of  lime  and  chloride  of  sodium. 

During  foetal  life  the  liver  is  therefcre  discharging  the  same  function 
that  it  does  after  aerial  respiration  haa  commenced,  that  ia  ii  .loi-s  net 
to  say,  it  secretes  bile  (raeconium)  into  the  intestine;  but  at  ™"!iv'rf"'"  7"j 
ihiH  period,  fiince  there  is  no  true  digestion,  the  bile  can  producu. 
come  from  one  Bourcc  alone,  and  tliat  source  la  the  Bjstcintc  venous 
blood.  There  therefore  can  remain  no  doubt  that,  in  after  life,  the  same 
effect  takes  place,  and  that  the  bile  is  never  derived  from  matcriaU  which 
hare  just  been  brought  frona  the  digestive  cavities. 

I  therefore  regard  tlic  bile  as  an  excretion  of  materials,  which  are  de- 
corapot*ing  and  ready  to  be  removed  from  tlie  system,     I  in-  ,  - 

diue  to  the  supposition  that  much  of  it  ia  derived  frora  the  tlio  Ti-nona 
cells  of  the  blood,  the  life  of  which  is  only  temporary,  for  the  ""  ' 
casein  of  the  meconium  ia  nothing  but  the  globulin  of  the  cells,  the  two 
substances  being  chemically  allied,  and  the  predominance  of  iron  in  the 
aftli  of  nieconium  seems  to  establish  a  connection  with  harmaiin.  Hotti- 
over,  this  opinion  is  supported  by  the  remarkable  sJabllity  of  many  of 
tlie  nitrogenizcd'  coloring  matters,  tJie  analogies  between  btymatin  and 
cLlorophyl,  and  particularly  by  the  tact  that  in  the  herbivora  the  coloring 
matter  of  the  bile  is  nndislinguisliable  from  cldoropliyl,  and  in  most  oth- 
er tribes  closely  allied  thereto. 

In  any  discnsaion  of  the  action  of  the  liver,  it  is  thus,  to  be  constantly 
boTTie  in  mind  that  the  portal  blood  consists  of  two  distinct  portion.^,  sya- 
lemic  venous  blood  and  matters  absorbed  from  the  digestive  apparatus. 
Derived  from  the  tirfit  of  these  portions^  we  trace  the  origin  of  the  bile  lo 
tlie  "waBte  of  the  tissues,  or  to  the  Uood-ccIlB  on  their  downward  career; 
and  hence  we  arrive  at  the  important  conclusion  that  every  prosimale 
eonstituent  of  the  bile  pre-exists  in  the  eyateniic  venous  blood. 

Ijchmann,  inclining  to  the  view  that  the  formation  of  the  bile  oecurn 
in  the  liver  itseiti  quotes  the  experiments  of  Miiller  and  Auem].ijtoiiiv 
Kune,  who,  after  tying  the  portal  vein  and  applying  HgA-  '«*''  '■''"l"  •"^W 
Inrea  to  all  the  points  of  Attachment  of  the  liver  in  frogs,  ex-  m^nt  in  the 
(irpated  that  organ,  and  collected  the  blood  of  those  which  '''"^' 
survived  the  operation  for  two  or  tiiree  days,  by  amputating  their  Ihii^l]?. 
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It  was  expected  that  in  this  blood,  tile  pigment  and  choUc  acid  would 
Ije  found  if  the  orignial  formation  of  those  aubatances  took  plHce  exter- 
ually  to  tlic  liver.  Such  di(3  not  prove  to  be  the  case.  It  may,  howev<?r, 
be  justly  inferred  that  no  reJiablc  conclusion  can  be  drawn  after  opera- 
tions of  aiicli  magnitude  and  severity. 

Tiic  alleged  inability  to  detect  the  constituents  of  the  biJe  in  the  blood 
Cnuse  of  (Jiia  of  the  port&l  vein  is  jirobably  due  to  the  defects  of  oar  ana:- 
t'e^iTc  liuu  fr  iyt^'^^  processes,  for  it  is  very  dear  from  the  circumstance 
tiio  iitfod.  that  the  bile  which  is  poured  into  the  intealine  muBt  be  roab^ 
aorbed,  with  the  exception  of  its  coloring  material,  either  by  the  lacteals 
or  the  veins,  or  by  both,  since  it  is  not  found  in  the  excrement.  Through 
whichever  of  the;ae  channels  it  passes,  it  must  therefore  regain  tlie  gen- 
eral cu-cidation,  for  it  can  not  bo  supposed  that  in  the  short  period  of  its 
course  it  could  have  undergone  complete  metamorphosia. 

We  may  therefore  assume  that  the  proximate  ingredients  of  bile  prc- 
ejtist  in  the  blood,  and  tliis  conuluHion  is  enforced  by  the  fact  that,  aflor 
tying  the  vona  porta,  bile,  though  in  a  diminished  quantity,  is  still  se- 
creted. The  aamc  also  ocenra  in  those  cases  of  DiaUbnnation  in  which 
that  vessel,  inatcad  of  ramifying  into  the  bver,  empties  directly  into  the 
vena  cava.  When  there  is  any  failure  or  delay  in  tlie  removal  of  bile 
from  the  system,  the  effects  are  such  as  might  even  be  jiredicted,  nervou? 
disturlmrioe  ensuing,  and  eventually  all  the  symptoms  of  poisoning.  Tbc 
circumstance  that  this  last  effect  often  takes  place  suddenly,  has  l»en  by 
some  supposed  to  be  dependent  on  the  ttecepsity  for  the  bile  to  accumu- 
late, to  a  certain  extent,  but  it  is  much  more  likely  that  it  is  dctcnnined 
by  the  metamorphosia  of  the  dccoraposing  bile  hai-ing  reached  a  certain 
point,  when  flpccial  poisonous  produeta  have  spontaneously  arisen  from  it. 

liile,  from  whatever  nnimal  it  may  have  been  derived,  contains  a  resin- 
Conttitadan  of  ouA  soJa  BoIt,  a  coloring  material,  cholcatcrinc,  and  muctu. 
iiUfl.  r^'-jjg  mjjji  of  (|jg  gQ^jg  ^^■^^  jg  |]jg  taurocholic  or  glyeocho- 

lic.  The  coloring  matter  in  carnivorous  and  omuivorous  animals  is 
brown,  the  cholepyrrhin  of  Berzelius ;  bat  in  birds,  iiahes,  and  ampliibia. 
it  is  green,  biliverdin.  Strecker  makes  the  curioiL-^  remark  respecting  thr 
bile  of  fiL^ihes,  that  in  those  which  are  of  salt  water,  potash  salts  predom- 
inate ;  and  in  those  of  fresh  water,  soda  salts.  Among  the  ultimate  ele- 
ments Occurring  in  the*  bile,  and  being  of  special  interest,  may  Ijo  men- 
Coiistitutiooof  tioned  sulphur,  whicli  exists  in  taurine,  of  whicii  the  com- 
'»""■"-•'  position  is  C^,  H..  N,  %  O^.     It  may  be  obtained  from  ox- 

gall ;  it  has  likewise  been  made  artificiidly  by  Strecker  from  the  iscthi- 
onate  of  ammonia.  It  is  distinguished  by  evolving  sulphurous  acid 
when  burnt  in  the  open  air.  It  does  not  exist  in  the  bile  in  an  insa- 
lated  condition,  but  probably  as  an  adjunct  to  cholic  acid,  and  Uaa  been 
I'ound  in  that  secretion  of  both  hot  and  c«dd-bloo<lcd  animal*.      It  has. 
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however,  been  aseerted  that  sulphur,  and  therefore  tatuocholic  acid,  does 
not  exist  in  the  Lile  of  the  hog. 

The  bile  is  secreted  Tnofe  glowlj  during  a  long  period  of  fasting,  and 
more  rajjidly  during  normal  nutrition.  To  ft  certain  ostent,  rroaiKiion  of 
thia  variable  rate  depends  on  the  general  principle  that  b  '''*^- 
gland  acts  more  energetically  in  proportion  as  the  au(ii>]y  of  blood  sent 
to  it  is  greater.  li'  not  wanted  for  the  present  pui^oae,  the  product  is 
stored  up,  for  a  time,  in  the  ^1-bladder. 

When  the  bile  has  been  long  retained  m  the  gall-bladder,  it  become^ 
concentrated  through  the  removal  of  a  portion  of  its  water:  cutig^orbu^ 
it  also  undergoes  a  change  of  color.  In  animal*  whose  he-  "fi-errateaUou- 
pntie  bile  is  yellow  or  brown,  the  cystic  bile  has  a  tendency  to  green,  a 
cluingf^  of  color  defjenJent  on  partial  oxidation,  occasioned,  by  the  arte- 
rial blood. 

The  flow  of  bile  takes  place  with  different  ilegreeg  of  rapidity  at  dit- 
tbrent  diurnal  periods :  thna  jt  rcachea  its  maximum  in  from  t.  ■  >  r 

"^  it  noil  oiiiiax- 

thirteen  to  tifteen  hours  after  the  last  full  meal,  and  then  imuni  Qow  or 
rapi<lly  diminishes,  '  *' 

Bidder  and  Sciimidt  estimate  the  dinmal  eecretion  in  an  adult  at  54 
OB.,  containing  5  per  cent,  of  solid  matter,  an  estimate  wliich  is  undoubt- 
edly too  high,  so  far  as  an  average  diet  and  state  of  health  are  involved. 
It  is  ftBserted  that  a  diet  of  flesh  tends  to  prodnce  more  bile  than  one  of 
a  purely  amylaceous  kind.  Even  the  use  of  a  large  quantity  of  water 
Increases  its  amoant,  tind  this  as  regards  ita  solid  constituent?.  Kcm?- 
di&i  agents  act  in  various  ways.  Calomel  increases  the  fluid,  but  di- 
minishes tlic  8oUd  constituents.  Carbonate  of  soda  diminishes  both. 
Again,  there  are  great  variations  in  the  rate  of  its  production:  the  circum- 
stance juBt  mentioned,  that  its  maximum  flow  is  several  hours  after  the 
maximum  digestion,  ia  important  as  rt^gards  the  explanation  of  its  forma- 
tion, showing  significantly  that  it  is  not  directly  produced  from  matterfi 
recently  absorbed  from  the  intestine,  but  from  the  systemic  verious  blood. 

But  the  liver  has  other  duties  to  discharge  besides  the  separation  of 
bile.  It  gives  origin  to  sugar  and  fat,  as  is  proved  by  the  other  4iiitie8  of 
circumstanee  that  the  blood  of  the  hepatic  veins  is  richer  in  gl'^l-l'Irodi^ 
those  ingredients  than  the  blood  of  the  portal.  In  this  re-  ing  i-iio. 
sjiect  its  action  seems  more  particularly  to  be  tliat  it  converts  other  sug- 
ara  into  the  particular  form  known  as  iiver-sugar,  which  it  can  also  pro- 
duce from  the  transforming  albuminous  bodies  ;  it  forms  fat  trom  sugar, 
and  makes  from  certain  other  fata  the  s]>ecial  one  known  as  liver-fat.  In 
thia  dnty  of  fommig  sugar  and  fat,  it  exhibits  an  inverse  power  of  action ; 
a»  the  production  of  the  one  predoininatcs,  that  of  the  other  declines. 

From  tho  point  of  ^iew  which  we  luive  now  reached  through  this  de- 
scription, we  are  able  to  eee  the  double  duty  which  this  great  gland  die- 
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The  liver  docB  cliargcs,  and  muBt  correct,  to  a  certain  extent,  the  popular 
ftoi  (ona  bUe.  thcoiy  of  its  action.  Does  tlie  liver  really  secrete  bik  t  Is 
it  tlie  Imsinesa  of  the  so-called  bUe-secrcting  cells  to  withdraw  the  conattt- 
ucnta  oftluit  liquid  ftora  the  blood,  aud  combine  them  together  into  tluj 
viscid  yellow  liquid?  I  think  not;  for  it  is  a  tnatter  of  demonstration  tluit 
not  only  every  wnstituont  of  the  bile,  but  the  bile  itself,  pre-exists  in  the 
blood,  and  it  is  just  &9  unphilosopliical  to  burden  those  cells  with  the 
duty  of  forming  it  as  it  would  be  to  believe  that  a  like  agency  is  neediul 
for  the  appearance  of  urea  in  the  kidney.  Sloreover,  we  must  constautly 
bear  in  inind  the  estrenic  instability  of  this  substance,  how  readily  tiie 
yellow  bile  of  carnivorous  animals  beoomea  green  by  partial  oxidation, 
and  the  green  bile  of  the  herbivora  yellow  by  cleosidatiou.  It  spontane- 
ously changes  in  its  downward  career,  and  any  differences  in  quality  or 
character  which  we  might  impute  to  the  action  of  tlie  cells  iij>ou  it  may 
be  equally  well  attributed  to  its  own  inherent  priiiuipte  of  ehnuge. 

For  these  reasons,  I  believe  that  the  bile  aimply  transudes  from  the 
MRnnrr  of  blood,  and  that  the  cells  of  the  lobules  have  no  epecial  relation 
rotuoviiiyii.  (^  j[  beyond  this,  that  it  oozes  past  their  intereticea,  or,  perhaps, 
by  physical  imbibition,  finds  access  to  tlieir  interior.  I  sec  no  reason 
that  these  cells  should  fomi  jt  when  it  pre-exists  in  the  blood,  nor  does 
the  state  of  the  affluent  and  effluent  blood  offer  any  contradiction  to  this 
coiielusion.  In  all  diacussiona  of  the  functions  of  tliis  orgaii  founded 
U|M)n  H  comparison  of  tlie  portal  and  hepatic  venona  blood,  the  relative 
tjURUtity  of  water  which  they  contain,  and  its  great  and  even  rapid  fluc- 
tuations^ shoidd  always  be  borne  in  mind.  As  might  be  expected,  portal 
blood  (contains  fur  more  water,  and,  even  atVcr  abundant  drinking,  the 
iiuKHtiit  in  llio  iiepatic  venous  blood  has  by  no  means  increased  to  the 
<!Xlcul  that  might  have  been  expected.  It  is  for  these  reasons  that  the 
bilo  varies  so  grently  at  diflerent  jKriods  in  its  specific  gravity  and 
lluidity. 

I'ho  blood  of  the  portal  vein  is,  moreover,  periodically  rsrytug  in  its 
Vjiri«ULin  in  constitution,  according  to  the  state  of  activity  of  the  organs 
iron'^r'ii!!,",',«r.  *"">'"  ivhich  it  is  being  derived.  In  the  tirst  stages  of  digea- 
lil  tvliwl  lion  the  stomach  \s  suppUnng  it  m  niiii^ual  quantities,  and 
with  the  ingredienta  whicii  its  veins  Iiave  lieen  absorbing  from  the  result 
of  hintogojiGtic  digestion.  A  Hltle  Utor,  the  same  tlung  occurs  with  the 
inlo»tijio.     .\t  another  period  tlio  supply  from  the  spleen  varies. 

The  cixpliuijitiun  which  Mr.  Ilnndfield  Jones  has  recently  given  of  the 
KiHuilonorUie  function  of  tlio  hepatic  cells — that  they  majiutacturc  liver- 
jM'jiuUr  tfaii.  BUgiir— ilcpcri  cs  attentive  eonaiderfltion,  more  particularly  if 
we  liknwitte  iniimle  to  tlieni  the  production  of  liver-fat ;  for  this  would  al- 
Iru'h  tbcni  ralhrr  (<>  lUc  raniificalions  of  the  hepatic  veins  as  a  part  of  their 
iriatrumentnl  mechanism,  and  nssign  them  only  a  'I'ery  indirect  relation  to 
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the  bile-ducts.  The  contradictor^'  statements  wliicli  have  l>een  raailo  by 
the  most  eminent  anatomiats  respecting  the  connection  of  tlie  bile-ducts 
and  (he  bile-cells — some  believing  tliat  the  biloductB  are  coveied  inte- 
riorly with  the  cells ;  othera,  that  the  ducts  end  on  the  outside  of  the 
lohules  ;  others,  that  (lie  passages  reported  to  have  been  seen  atiiong  the 
cells  are  interstitial  channela  and  not  pvo|>er  veaaela — make  it  just  as 
probftljle,  anatomically,  that  the  cella  belong  to  the  hepatic  veins  as  that 
tliey  belong  to  the  bilinry  ducts. 

It  ia  true  that  there  may  be  a  mixed  action,  and  that  presence  of  bil- 
iary matter  may  he  necessary  to  the  sugar  and  tat  producing  agency. 
This  intera'orking  and  mutual  dependency  of  functions  id  not  without  a 
parallcL  Thus  the  lung,  viewed  as  a  secreting  or  excreting  gland,  has 
for  ha  object  the  removal  of  carbome  aeid  from  the  syatem ;  but  it  also 
discharges  another  duty,  which  is  dependent  tor  its  accompliahmeni 
Upon  the  physical  or  chemicJtl  qualities  of  the  ha-matin  of  vrnOUs  blood, 
the  introduction  of  oxygen  by  aerating  or  arteriaUzing.  But  the  excre- 
tion of  carbonic  acid  and  the  introduction,  of  oxygen,  though  separate 
physiological  events,  and  to  be  spoken  of  as  distinct  functions  of  the 
lung,  are  yet  nevertheless  interconnected ;  the  one  is  essential  for  tlic  ac- 
complishment of  the  other,  and  the  one  effect  is  made  the  means  by 
tvliieh  the  other  ia  brought  about. 

So  it  may  be  in  the  liver:  the  contact  of  bile  with  the  SKreting  cells 
may  be  essential  to  their  angar  or  fat  producing  action. 

The  deposit  of  fat  and  the  production  of  bile  seem  to  be  inversely  as 
each  other.  Kidder  and  Schmidt  found  tiiat  fat  animals  Helaiiomif  the 
yield  less  bile  than  lean  ones,  and  that  when  they  were  fed  g^rf'^I^J^^utiio 
on  fat  the  quantity  was  smaller  than  in  the  case  of  animals  ufbile. 
fed  on  a  leas  fatty  diet.  From  such  facts,  tlie  inierence  has  l>een  drawn 
that  the  accumulation  of  fat  is  in  consequence  of  a  diminution  of  the  se- 
cretion of  bile,  and  not  that  (he  diminution  is  the  consequence  of  tlie  an- 
imal being  fat.  In  such  discussions  it  should,  however,  be  recollected, 
that  the  fats  do  not  furnish  all  the  substances  required  for  the  produc- 
tion of  bile,  but  only  a  limited  portion  thereof.  Thus  there  are  reasons 
for  the  belief  that  sugar,  lactic  acid,  or  some  other  allied  body  is  essen- 
tial to  that  process,  and  it  is  very  clear  that  so  too  are  the  materials 
furnished  from  the  decay  of  the  cells  of  the  blood. 

With  respect  to  the  production  of  sugar  jn  the  liver,  it  may  be  re- 
marked, that  the  quantity  of  that  substance  in  the  solid  rea-  p,n,ju^,ti„[i  ur 
idue  of  the  serum  of  hepatic  blood  is  from  ten  to  sixteen  "ipaf  and  fw 
times  greater  than  In  the  same  residue  from  the  portal  blood;  ^  "  '""' 
and  in  animals  undergoing  starvation,  though  no  sugar  could  be  found  in 
portal  blood,  it  occurred  to  such  an  extent  in  the  correaponding  hepatic 
venous  blood,  tliat  Leiunnnn  found  that  its  quantity  could  be  determined 
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by  fermentation.  From  thia  there  can  be  no  doubt  that,  in  the  changes 
which  arc  occurring  during  the  [isissage  of  the  blood  through  the  livcj, 
there  is  a  production  ol'stigm',  and  this  seems  to  be  coimected  with  a  dim- 
inution ill  the  quantity  of  fat;  for  if  an  excess  of  fat  and  a  deficiencj 
of  sugar  enter  that  organ,  and  their  quantities  are  inversely  changed  ati 
their  emergence  from  it,  it  would  appear  that  fat  may  be  decomposed  act- 
ually, AS  we  know  is  possible  hyiMthetically,  into  cliolic  acid  and  sugar. 

But  with  respect  to  taurine,  the  adjunct  of  the  chqhc  acid,  since  it  le  a 
Tmirinc  coxneg  nltrogenized  lx)dy,  we  are  obhged  to  seek  for  it  in  some  oth- 
trom  blood-  cr  boutl'G,  and  thi»,  it  would  appear  h-om  tlie  facta  set  tbrth, 
""^  *■  must  be  the  rt^resaive  melamorplioaia  of  tlio  blood-cells. 

Taurine  has  not  aB  yet  been  detected  in  tJic  portal  blood.  It  can  not  be^ 
supposed  that  the  sulpliuric  acid  of  the  portal  blood  is  used  by  deoxida- 
tion  in  the  preparation  of  free  sulphur  for  the  taurine,  since,  if  any  thing, 
the  quantity  of  that  acid  in  the  hepatic  venous  blood  is.  increased.  From . 
whatever  source  it  may  have  been  derived,  the  aidphur  of  taurine  enter 
the  liver  in  an.  unoxidized  etate. 

When  we  reflect  that  the  bile  is  the  product  of  decay,  that  it  pre^-es-' 
iets  in  the  blood,  that  on  lU  arrival  in  the  inteatine  a  part  of  it  is  cast 
out  witli  the  tiecal  matter,  it  seems  very  unlikely  tliat  an  immenBc  cell 
apparatus,  constituting  the  largest  gland  in  tlic  whole  system,  should  be 
AqsIp^m  in  necessary  for  its  removal.  But  when  we  moreover  reflect 
Sudntr^irai^  *^''''  *°  ^^"^  mechanism  of  plant*,  from  gum,  or  rather  from 
and  rat.  carbonic  acid  and  water,  under  the  agency  of  cells  in  the 

leaves  or  other  stmctures,  both  sugar  and  oils  are  Cormcd,  we  recognize 
that  tliere  ia  a  connection  between  those  organisms  and  these  producla, 

M.  Bernard's  experiments  seem  to  show  that  the  sugar-fonning  fonc- 
iflfineiiia  of  tion  of  the  hver  may  he  morbidly  increased  by  xvonnding  the 
tbfl  povTiniij'     medulla  oblongata  near  tiie  origin  of  the  pnenmogastric  nerve, 

gastric  Btno  ?  r      I        -        ,     .i  . 

on  the  .jumiii-  or  by  the  application  oi  galvanism  to  tiie  same  pari,  an  arti- 

^*' "•"  *"'''>i'"'       licial  diabetes  ensuing,  and  this  flitliin  a  few  minutes  after 

the  operation,  but  it  usually  ceases  after  two  or  three  days.     It  is  accoro- 

panicd  by  a  great  derangement  of  respiration,  a  lowering  of  the  tem])era- 

turci  and  a  venous  condition  of  the  arterial  blood.     It  by  no  means  fol- 

lowSj  however,  that  the  excess  of  sugar  observed  in  Bernard's  experi-' 

ments  arises  from  an  increaeed  action  of  the  liver,  or  an  incrrased  energy 

of  the  sympatlietic  nerve ;  it  may  be,  as  RejTiOso  asserts,  attributable  to ; 

the  injury  inllicled  on  the  pneumogn-stric,  and  diminished  respiration,. 

The  administration  of  ether  and  chloroform,  the  conditions  of  old  age  ajid 

foetal  life,  the  induencc  of  many  diseases,  as  cliroiiic  Lroitchitif,  astlxina, 

pleurisy,  all  present  a  tendency  to  the  aeeumulation  of  sugar  in  the  urine, 

ihe  sources  in  each  of  these  cases  being  attributable  to  respiratory  dii 

tarbance :  for  if  any  thing  occurs  to  retard  or  delay  the  destruction  by 
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oxidation  of  the  sugar,  cotistantly  t'ormed  hy  the  liver,  the  accumulatioii 
will  make  its  appearance  id  the  urnic.  TJic  appcaraiiice  of  saccharine 
matter  in  that  secretion  may  l>e  e^]^^ally  well  attributed  to  its  non-de- 
struction in  the  system  generally  as  to  its  over-'pToduction  Ly  the  liver. 

This  gland,  heaides  producing  sngat  and  fal,  is  the  seat  in  which  the 
worn-out  blood-ccUa  arc  finally  disintegrated,  and  probably  ^  . 

the  young  ones  pushed  forward  through  a  certain  stage  of  i.it>orUcu»  in 
their  development ;  advantage,  moreover*  being  incidentally  *'"  "'^'^' 
taken  of  the  secreted  bile,  which  jwssesses  properties  uacfnl  though  not 
essential  for  promoting  tlie  digestion  and  abaoTptioa  of  fatty  material, 
perhaps,  also,  of  imparting  a  definite  course  to  the  traiaaniutation  of  the 
semi-digested  material  in  the  intestine,  and  this  both  as  regards  nitro- 
genized,  amylaceous,  and  fatty  bodies.  Of  the  influence  of  the  bile  in 
promoting  the  abBorjjtion  of  fat,  the  physical  experiments  which  liavu 
been  alluded  to  leave  no  doubt ;  but  that  tUeae  uses  are  of  a,  Bccondarj- 
or  non-essential  kind,  and  are  only  taken  advantage  of  in  an  indirectly  eco- 
nomical way,  is  established  beyond  all  possibiUty  of  a  douljt  by  the  fact 
that  animals  can  live  for  a  long  time,  even  for  months,  without  the  pas- 
sage of  bile  into  the  intestine,  provision  having  been  made  tbr  its  escape 
eirtemaDy  through  an  artificial  fistulous  orifice. 

These  conclusions  respecting  the  functions  of  the  Krer  are  in  liarmony 
with  tlie  appearances  presented  by  the  blood  leaving  and  entering  it : 
the  predominance  of  colorless  blood-cells,  and  of  young  cells  well  ad- 
vanced loivard  perfection  in  the  former,  and  of  wasted,  worn-out  ones  in 
the  latter;  with  the  tact  that  the  maximum  secretion  of  bile  does  not 
take  place  until  more  than  half  a  day  after  the  ingestion  of  food;  and 
that  during  fcetal  life,  in  which  tliere  is  no  food,  cither  in  the  stomach  or 
intestiuc.  to  be  digested,  the  liver  is  nevertheless  in  high  activity,  and 
bile  is  secreted. 

In  view  of  all  the  preceding  facts,  we  may  therefore  finally  conclude 
that  there  are  at  least  four  distinct  operations  conducted  in  the  liver;  1. 
The  production  of  sugar  and  fat ;  2.  Tlie  separation  of  the  bile ;  3.  The 
deatruction  of  old  blood-cells ;  4.  Tlie  completion  or  perfection  of  young 
blood-cells,  perhaps  by  receiving  their  ijron.  Witli  respect  to  these  it 
may  be  remarked, 

First-  The  formation  of  sugar  and  fat,  either  from  carbohydrates,  or 
what,  in  this  instance,  is  more  probable,  from  alburaenoid  bod-  GenonU  num- 
iea  brought  by  the  portal  vein,  can  no  longer  be  doubted.  J^o"-''„J'',hB^*v- 
The  prevalence  of  Uvcr-sugax  and  liver-fat  in  all  that  region  er. 
of  the  venous  circulation  included  between  the  liver  and  the  lungs  must 
be  attributed  to  this  source.  That  the  sugar  undergoes  rapid  metamor- 
phosis in  the  pulmonary  organs  is  plainly  proved  by  the  effects  of  irri- 
tation of  tbe  pneumogastrics,  whicli,  intert'ering  with  the  function  of  res- 
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pilstion,  permit  this  sutalance  to  reach  the  aortic  circulation,  from  wliicli 
it  is  removed  by  tlie  kidneys,  a  diabetes  arising.  So  far  aa  tlic  prepara- 
tion and  course  of  this  sugar  is  concerned,  the  liver  is  a  ductless  gland. 
and,  with  Mr.  Handheld  Jones,  I  believe  that  the  cells  of  the  liver  are  the 
agents  which  accomplish  this  diity.  The  jiroductif>n  of  fat  appears  to  be 
inversely  as  that  of  sugar.  In  the  crustacean  bUe-eac,  F'ig.  M2.  we  see 
the  gradual  stages  of  its  appearance  ;  and  the  production  of  both  bodies 
is  well  illualratcd  in  the  life  of  plants. 

Second.  The  bile  is  separated  from  the  blood  portion  of  the  portal 
blood,  and  not  from  the  products  of  digestion  obtained  from  the  cltylo- 
poietic  viscera.  The  elements  of  bile  I  believe  to  pre-exibt  in  the  blood. 
and  to  escape  tVom  the  portal  vcinlets  to  the  biliary  ducts  by  mere  filtra- 
tion or  atrainsge.  The  precise  source  from  which  the  bile  i&  derived 
ia  probably  the  blood-cells,  and  in  the  changes  which  tliey  are  under- 
going the  spleen  is  perhaps  concerned.  Jf  this  be  so,  tlie  bile-duct  is 
as  much  a  duct  for  the  spleen  as  it  is  for  tlto  liver  itself.  The  bile  may 
almost  be  looked  upon  as  a  hydrocarbon,  containing  a  very  changeable 
and  therefore  noxious  coloring  material,  which,  when  the  secretion  reach- 
es the  intestiue,  is  parted  from  it  and  dismissed  with  the  fipces,  tlie  prop- 
er hydrocarbon  being  taken  up  by  the  absorbing  arrangement  for  hydro- 
carbons, the  lacteals,  and  so  sent  through  the  thoracic  duct.  Perhaps, 
also,  by  reason  of  its  special  adaptedness  for  that  purpose,  it  aids  in  the 
absorption  of  other  fata. 

At  this  point  it  may  be  remarked  that  the  view  here  presented  of  tlie 
sugar-forming  and  bile-straining  functions  of  the  liver  appears  to  be 
greatly  strengthened  by  the  aimtomical  construction  of  that  organ. 
There  ia  no  obvious  communication  between  the  portal  and  hepatic  vein- 
lets  save  through  cells,  but  the  portal  veins  and  the  bile-ducts  run  in 
their  ramifications  side  by  side. 

Third.  Whatever  part  of  the  disintegration  of  old  blood-cells  takes 
place  in  the  apleen,  their  final  destruction  is  doubtless  accomphshed  in 
the  liver,  this  being  the  immediate  source  from  which  the  bile  itself  is 
derived.  Though  these  metamorphoses  ace,  to  a  greater  or  less  extent. 
Occniring  throughout  the  circulation,  it  is  in  these  two  grcfit  glands  that 
an  opportunity  is  afforded  for  the  dcstruotcon  to  reach  its  completion,  and 
tlie  resulting  product  of  waste  to  l^e  removed;  nor  is  there  any  thing  in 
this  view  at  ail  coniradictory  to  the  opinion  I  have  enforced,  tltat  all  the 
constituents  of  the  bile  may  be  found  in  the  general  circulation. 

Fourth.  Tlie  liver  also  aids  in  the  preparation  or  maturation  of  young 
biood'Cclls  in  an  indirect  waj'.  There  are  certain  of  the  mineral  constit- 
uents of  the  disintegrated  cells  too  valuable  to  be  cast  away,  since  they 
can  gubscr\*e  the  duty  of  entering  into  the  composition  of  vonng  cells 
■passing  toward  perfection.     As  such  a  substance  may  be  mentioned  iron. 
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Ttb  view  of  the  action  of  the  liver  a})peara  alao  to  te  sustained  by  the 
large  number  of  etar-lifce  and  corrugated  bltrod-cellB  occurring  in  the 
portal  bltwd  of  tasting  animals,  and  which  are  replaced  by  such  as  appear 
to  be  young  and  perfect  in  the  blood  of  the  hepatic  veins.  It  is  not, 
however,  to  be  supposed  that  all  i\\&  iron  is  economized  in  this  tnanuei; 
a  considerable  portion  of  it  acconipaniea  the  pignlent  us  an  essential  in- 
gredient, and  is  finally  discharged  ibrougli  the  intestine. 

OF  THE  DUCTLESS  GLANDS. 

The  salivary  and  sudoriparous  glands  discharge  their  secretion  directly 
through  ducts.  The  liver  and  kidneys  have  upon  their  dncts  Thudmcii«M 
an  additional  mechanism,  the  gall  bladder  in  the  one  cas&y  and  b'*"*!*- 
the  urinary  in  the  other,  which  serve  as  receptacles  for  storing  up  the 
product  of  action  in  a  temporary  manner,  and  so  converting  the  continu- 
ous effect  of  tlie  gland  into  a  periodical  rcsidt.  In  each  of  these  instances 
we.  may  arrive  at  conchisiona  of  a  certain  degree  of  exactness  respecting 
the  functions  and  nsc  of  the  gland  from  a  etudy  of  the  accretion  it  jields ; 
but  there  are  in  the  system  other  glandular  organs  which  differ  essen- 
tially iirom  all  the  preceding  in  not  being  ftuniishcd  with  ducts.  These 
arc  the  spleen,  the  thymus  and  thyi-oid  glnndst  and  the  supra-renal  cap- 
sales. 

Mudi  diversity  of  opinion  prevails  respecting  the  true  nature  and  ac- 
tion of  these  bodies.  From  their  struetiure  bearing  a  resem-  Thfliraupposed 
blance  to  that  of  the  preceding,  with  the  exception  of  tlic  ab-  run^ifn^ 
sence  of  a  duct,  many  have  thought  that,  like  them,  they  are  really  secret- 
ing organs.  OtheiB  have  supposed  that  they  have  a  relation  to  the  nu- 
trition of  the  system,  tn  giving  origin  to  the  development  of  cells,  or  tliat 
they  are  connected  with  the  organization  of  the  blood  itself;  and  that 
such  is  their  duty  ia  perhaps  rendered  probable  by  the  crrcumstancc  that 
80iQe  of  them,  as  the  thymus  and  thyroid,  exliibit  their  utmost  develop- 
ment when  the  body  ia  rapidly  growing,  and  diminiali  when  maturity  is 
reached.  Tiiat  they  enjoy  a  community  of  action,  or  iliat  their  function 
can  be  vicariously  discharged  by  other  organs,  ha*  been  clearly  estab- 
lished by  the  result  of  operations  in  which  one  or  other  of  them  has  been 
exlir|inted. 

With  respect  to  the  spleen,  the  views  of  Profesaor  KolUker  are  sup- 
ported by  many  facts.  He  supposes  that  one  of  the  chief  fiinc-  Funption  or 
lions  of  that  gland  is  the  dissolution  of  the  disorganizing  blood-  *'"'  spleen. 
cells  preparatory  to  the  action  of  the  liver^  in  which  haimatin  is  to  be 
converted  into  the  coloring  matter  of  the  bile.  In  the  discussion  entered 
into  respecting  the  origin  of  the  bile,  we  havo  come  to  the  conclusion 
that  it  is  derived  from  the  systemic  venous  blood,  and  in.  the  supposition 
here  presented  rofipecting  the  fiinction  of  the  spleen  there  ia  nothing  con- 
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tradictoiy,  for  it  ib  to  be  remembered  that  the  blood  ot'  iJie  spleen  is  a 
constituent  of  tJie  portal  circulation.  It  also  appears  to  be  a  geneml 
opinion  that  the  spleen  likewise  maintains  a  mechanical  relation  to  ttie 
portal  mechanism  by  sennng  as  a  receptacle  for  any  excess  of  blood 
and  thus  relieving  the  vesaeU  of  pressure,  or  by  acting  in  like  inannfir 
vrlien  there  eb  any  obetmction  to  the  passage  of  blood  tliTough  tlic  liver. 

Aa  our  knowledge  of  the  action  of  the  ordinary  glanda  becomes  more 
Aiib]og7cif  the  accurate  the  function  of  the  ductless  glands  loses  much  of 
fSh't^dtTeu  ^*^  peculiarity.  As  wc  have  already  stated,  in  a  certain 
lew.  sense  tlic  liver  itsell'  may  be  said  to  l>e  a  ductlcaa  gland,  for 

it  appears  to  be  one  of  the  cottstant  duties  of  that  organ  to  prepare  sugar 
from  materials  in  which  it  did  not  pre-exist.  And  this  sugar  does  not 
escape  through  the  hepatic  ducts  in  com|Hiny  with  the  bile,  but  is  taken 
iHrectly  into  the  system  througli  the  lic|)atic  veins.  But  this  principle 
of  action  is  identically  what  occurs  in  the  case  of  every  ductless  gland, 
and  hence  it  may  be  inferred  that  the  changes  vrhich  these  impress  on  the 
blood  are  necessary  for  the  development  and  nutrition  of  the  system.  If 
the  doctrine  of  KolUker  be  corrc-ct^  the  spleen  is  only  an  appendix  to  the 
liver,  and  the  same  duct  answers  as  a  common  outlet  for  both. 

The  views  here  alluded  to  are  enforced  by  the  examinations  which 
Siture  of  have  been  made  of  the  blood  of  the  splenic  vein.  The  fol- 
upleuic  blood,  losing  table  exhibits  the  contrast  between  it,  that  of  the  ex- 
ternal jugular,  and  that  of  the  mammary  artery. 

Omtitntm  ofSphmc  BhikL    (Frem  SrMerer.) 
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From  which  it  appears  that  the  blood,  after  circulating  through  the 
spleen,  has  lost  a  large  portion  of  its  cells,  the  relative  quantify  of  ita 
albumen  is  greatly  increased,  and,  moreover,  from  being  the  basic  albu- 
minate of  sodsj  the  form  under  which  it  ordinarily  occurs  in  the  blood, 
it  has  become  the  neutral  albuminate,  as  is  proved  by  a  turbid  appear- < 
ance  on  ilie  ad-lition  of  water,  and  this  state  it  seems  to  retain  during] 
tlie  portal  circulation,  for  the  blood  of  the  hepatic  veins  exhibits  tlie  same  \ 
peculiarity. 
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CHAPTER  XIL 

OF  ESCHETION. 

V&DTB,  UUJi,  ASD  CCIANEOnB   BXC&EIIOSS, 

I  tad  f^ernion. 

Ifq^lfa  V^H£iqi  .■  iu  Sfrvrfare  eutd  I-'trndmaa. —  Tht  J^ipigiaan  CtrtnlaiioH.—  Tht  Urine  i  Urn  bt- 
gTfedintts,  their  ViiriatioK-i  and  Sourixs- — ,-16ftQmia/  ^uLtlancrx  in  •(. —  Tfif  M'ater  and  SalU 
exudr  bg  Fiitratir.m.'—The  CciU  remove  vjioxi<li:tnl Ilotliea. — Maniier  of' Ranoi;al of  Iht  Liipiui 
J'rom  fhe  Malftiyhitat  Sac. 
lif  the  MnmitaiTT/  Giand:  itt  SlmetHIV. — CbiufrMn  nail  Milk. — Inffmii^U  «f  Mtik  and  fArir 
FfB*ifM»nJ. — Ii]fliifAec  of  IAH. — In^nirg  iato  fhe  Origin  of  the  lagrediattt  of  (Ac  \tt&,  iu  fat, 
Casfin,  Sah»,  Sai/ar.^ Manner  iif  Artian  a/'tia  (tland  hy  ^trainatfe. 
Of  the  5fi'n. — Struclvre  of  itt  Epidermii  and  Derma. — Surhrijiaroax  nnil  SrfHUfoux  Glands.— 
Naiti. — Hair. — /nffreSett*  of' iWrjAration. — Kihalaiioit :  itt  AmmmC. — Catit^t  1/  the  Vari- 
abh  Action  of  the  Skin, — Itt  Dtnibk  Action.— AbKij'twi  %  tfie  A'fcui, — Ueti^^tt  .ifwamary  0/ 
cAe  CWawo"'  ftutctioiix. 

The  fiuiction  of  Becretion  is  vcay  commonly  treated  of  by  physiolo- 
gists under  two  diviaions,  Becretioc  and  excretion.  The  ojgtjn^,;^  ^^ 
former  refers  to  the  separation  from  the  blood  of  those  fluids  iweeuBecroiioii 
which  ittre  required  for  the  ueea  of  the  body,,  and  which  are 
tlietefore  still  retained ;  the  latter,  to  those  which  are  effete,  and  to  be 
cast  out  as  excrementitious  matter.  Of  secretions,  the  saliva  Or  the  p&n- 
creatic  juice  may  be  taken  as  eiamplea ;  of  excretiona,  the  untie. 

But  this  BuhdiyiBion  is  only  one  of  conTenicnce,  and  has  no  natural 
foundation.  The  so-called  secretions  are,  in  many  instances,  far  from 
being  more  iilghly  elaborated  bodies ;  in  reality,  they  are  often  on  their 
descending  career.  And  among  excretions,  if  milk  be  enumerated,  as  it 
ought  to  be,  since  it  is  a  dismissed  product  of  the  system  preparing  it, 
we  liavc,  instead  of  an  excrement  itiotta,  a  pre-tminetitly  nutritive  body. 

Nevertheless,  since  this  manner  of  considering  ihe  subject  offers  con- 
siderable conveniences,  I  have  resorted  to  it  for  the  preceding  and  pres- 
ent chapters.  In  this  I  shall  accordingly  treat  of  the  mine,  the  milk, 
and  the  products  removed  by  the  skin. 


OP  THE  KrDNEY&. 

The  products  of  waste  arising  from  oxidation  in  the  funotional  activit}- 
of  the  system,  and  which  are  of  a  non-gaseous  kindr  the  use-  p.    -   ,  * 
less  materials,  saline  or  otherwise,  which  have  been  absorb-  I'oq  of  the  kiJ- 
cd  in  the  digestive  tract,  and  carried  into  the  circulation,  ""*" 
must  be  removed.     Gaseous  substances  and  vapora  may  pass  away 
through  the  lungs,  but  solid  material  must  be  excreted  in  a  state  of  so- 
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lutbon  in  water.  To  accomplish  this  object,  a  BiMicial  mechaniam,  tiic 
kidney,  is  introduced* 

From  t\iu  tiianuer  of  considering  the  functional  duty  of  the  kidney,  !l 
is  very  clear  that  a  speciiJ  relation  mufit  exist  between  this  excrel«ng  or- 
gan and  the  reapiralory  mechaniam,  for  in  the  case  of  animals  whidi 
breathe  by  gills,  or  in  those  whicli,  though  subscfjuently  atmospheric 
breathera,  receive  their  supply  of  aerated  blood  before  birth  by  a  placenta, 
the  conditions  under  whicli  aeration  takes  place  arc  such  as  permit  iht 
removal  of  solid  material  by  the  respiratory  mechanism.  The  urinary 
excreting  apparatus  of  an  aiitmal  breathing  air  is  therefore  necessarily 
burdened  with  an  exclusive  duty,  which  is  ahared  by  the  gills  and  tht: 
skin  in  a  water-breiLtlicr. 

In  fishes,  the  renal  apparatus  ia  constructed  tinder  the  condition  here 
Th  Jddne  - 1  iw'^J^^fit^^  ^^^  though  in  many  it  appears  to  be  greatly  de- 
liirda,  flsbn,  Yd.ope(l,  extending  a»  a  tubular  arrangement  ^m  tlie  skull 
inaecia,  etc.  (jiTQugli  the  abdoiiiinal  cavity,  it  is  to  be  regarded  as  analo- 
gous to  ihcWoUHjui  bodies  rather  than  to  the  tnie  kidney.  In  reptiles 
the  proper  kidneys  appear ;  in  birds  they  are  well  developed,  but  their 
secretion  ia,  for  the  most  part,  a  semi-BoUd  substance,  chiefly  urate  of 
ammonia.  The  tubnJor  form  is  presented  in  both  insects  and  araehni- 
dans,  discharging  its  secretion  into  a  cloaca. 

In  man  the  kidneys  may  be  described  as  a  pair  of  dark-red  ovoid  bod- 
Tbe  ki<iiiey8  la  ^'^^■>  ploccd  One  on  eacli  side  of  the  vertebral  column,  in  thf 
»!"•  lumbar  region,  the  right  kidney  being  a  Httle  lower  than  the 

left^  In  the  adult  the  kidney  is  four  or  five  inches  in  length,  and  is  en- 
veloped in  a  mass  of  fat.  Blood  is  brought  from  the  aorta  to  supply  the 
organ  by  the  renal  or  emulgent  artery,  and  is  carried  hack  by  the  emul- 
gent  vein  into  the  inferior  vena  cava.  During  its  pasaage  through  the 
kidney  there  is  removed  from  the  blood  a  liquid  secretion,  the  urine, 
which,  flowing  down  a  long  channel,  the  ureter,  ia  emptied  into  the  blad- 
der, firam  which  it  may  be  periodically  removed, 

The  supra^renal  capsules  are  bodies  of  a  yellow-red  color  placed  above 
SupTa>rc>nBl  the  kidneys.  They  are  mueli  larger  in  the  foetus  than  in  the 
rapiulea.  adult,  and  doubtless  have  a  reference  to  the  ])eculiar  conditions 
of  respiration  obtaining  at  that  time,  fur,  as  we  have  just  obser\'ed,  the 
renal  and  respiratory  mechanisms  are  necessarily  interconnected. 

The  substance  of  the  kidney  is  described  as  consisting  of  two  por- 
Minuie  stntc-  ^'o"**  ^^^^  corttcal  and  the  medullary  or  tubular,  as  seen  itt 
[i!Tv  tif  UiG  kij.  J-'iff.  88,  in  which  I  is  the  supra-renal  capsule ;  2,  the  vascu- 
"*-^'  lar  portion  of  the  kidney;  3,  3,  tubular  ]»ortiou  grouped  into 

cones;  4,  4,  papilla'  projecting  into  calices;  5,5,5,  the  three  infundj- 
bula;  6,  the  pelvis:  7,  tjic  ureter.  (Wilson.)  From  which  it  appears 
tlmt  the  cortical  substance  is  the  external  portion,  and  the  tabular  ia 
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^WF*    j  grouped  into  cones,  the  base  of  cacli  cone  being 

outward,  and  tlie  point  toward  t!ie  pelvia  of  Jlie 
kidney.  The  cortical  substance,  however,  envel- 
ops llic  cones  nearly  to  their  points.  It  id  of  a 
red  Color,  aud  m  tlie  scat  of  the  secreting  action. 
The  urine,  as  it  arises,  passes  along  the  line  con- 
vergent vessels,  the  uriniferous  tubes,  and  these, 
coalescing  as  they  approach  the  points  of  the  cones, 
give  origin  to  what  are  tenncil  the  dncta  of  Bellini. 
From  these  the  secretion  pafiSiea  into  the  caliees, 
thence  into  the  pelvis,  and  so  along  ihe  ureter  into 
the  bladder.  In  the  cortical  substance  there  arc 
large  numbers  of  dark  points,  the  Malpighian  bod- 
ies. Their  diamcltr  is  about  j^--^  of  nn  inch. 
Sir,  Bowman  tias  tleinonatratcd  that  the  iikinute  structure  of  the  eortical 
[lortion  ia  as  follows  :  The  uriniferous  tubes,  as-  they  approaeh  it,  under- 
go bifurcation  in  Buch  a  way  tliat  the  branches  continually  arising  have, 
for  the  niost  part,  a  diameter  of  about  -^^  of  an  inch.  As  they  enter  ii 
they  are  contorted,  and  at  their  ends  present  small  eapsulea  or  flask- 
shaped  sacs.  Each  of  the  capsules  Is  entcretl  by  a  twig  of  „  . . 
the  renal  arlcrj',  which  at  once  divides  into  loop-like  branch-  Mnipi^-i-iai" 
es  coustituling  a  tuft,  and  which  delivers  the  blood  to  a  """P""*  "• 
vein  originating  in  the  interior  of  each  tuft.  These  structures  are  known 
as  the  3Ialpigbiun  corpuscles.  The  vein  and  artery  pass  out  of  the  cor- 
puscles usually  at  ilte  same  point;  the  vein,  Iiowever,  instead  of  deUv- 
cring  its  blood  at  once  lo  the  renal  vein,  form.%  a  plexus  on  the  sides  of 
a  uriniferous  tube,  ia  this  aimulatmg  the  mechanism  of  the  portiU  vein, 
which  begins  in  a  capillary  system  and  ends  in  one.  It  is  supposed  that 
the  exudation  of  tiie  water  of  the  urine  takes  place  in  the  Ulalpighian 
body,  and  the  secretion  of  the  solid  portions  from  the  cells  which  covev 
the  uriniferous  tubes. 

The  chief  feature  of  this  structure  is,  therefore,  that  in  a  sac  formed 
upon  a  uriniferous  tube,  a  tuft  of  capillaries,  the  walls  of  wliicli  are  of  ex- 
treme tenuity,  permits  water  to  escape  from  the  blood  supplied  by  tht- 
emulgent  artery.  The  blood,  thus  concentrated  by  loss  of  its  water, 
passes  into  the  veinlets  which  originate  in  the  interior  of  the  tuft ;  these, 
converging  into  a  little  trunk,  less  in  diameter  than  the  twig  ^.  ,  .  . 
of  the  emulgent  artery,  escape  along  with  tliat  vessel  from  thflbioodiuibi.- 
the  capsule;  but,  inatead  of  discharging  its  (intents  into  the  ''^''"^''* 
renal  vein,  it  ramifies  in  a  plexus  on  the  walls  of  a  uriniferous  tube,  thus 
affording  a  miniature  representation  of  the  iwrtal  vein,  beginning  in  a 
Capillary  system  and  ending  in  one.  From  the  plexus  the  commencing 
cnpillariea  of  the  renal  veins  arise. 
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Some  anatomists  suppose  that  the  Malpighian  capsule  is  not,  in  reality. 
Fto.es.  a  llask-like  expansion  of  tlie  unmleroos  tube, 

but  that  the  tube,  dilating,  folds  over  the  blood 
capillaries,  and  so  receives  them.  Hoirevei' 
that  may  be,  they  form  a  Ioobo  ball  in  its  in- 
terior, fastened  lo  it  only  by  the  arterial  twigs 
and  its  correaponding  and  juxtapoaed  vein. 

The  foregoing  description  is  illnstrated  by 
the  annescd  figiu^s,  7^»y,  89  being  half  dia- 
grammatic, from  Kolliker.      1,  a  Malpig^hian 
capsule,  A,  with  the  tubuUis  urinif'erua.  B,  C, 
springing  from  it ;  a,  membrane  of  Malpighian 
body,  continuous  at  ft  with  the  membrana  pro- 
pria of  convoluted  tubule;  c,  epithelium  of 
JIalpigbian  corpuscle ;  c/,  tlutt  of  tubule ;  *, 
detached  epithelium;  y*  vas  aft'erens;  y,  tjw 
efterene  ;  A,  glomerulus  Slalpighianns ;  2,  thre* 
epithelial  cells  from  convotated  tubule,  magni-| 
lied  350  diameters — one  with  oil  drops. 
I'^iff.  90,  Glomerulns,  or  tuft  of  blood-vesBels  from  the  innermost  part 
of  the  cortex  of  the  kidney  of  the  horse:  a, 
artcria  intetlobularis ;  af,  vas  affcrens ;  in  m, 
glomerulus ;    ef,  vaa  effercna ;  b,  divisions  of 
arteriola  recta  in,  the  meduUaij  gubstfthce. 

J^iff.  31  shows  the  ciliated  epithelium  of  the 
iiriniferouB  tube  in  the  frog;  «,  cavity  of  the 
urinifcrous  tube;  f>,  tts  epithelium;  6",  ciliated' 


ll4l(  dUgraiR  nf  human  XxIplghUl 
DorpnKtu,  mn^tfied  liUtl  dUmetcn. 
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portion  thereof;  b'"',  de- 
tached ciliated  epithelial 
cell ;  c,  basement  mem- 
brane of  the  tube;  f', 
that  of  the  capsule;  tn, 
capillaries  of  the  tttft; 
t,  adjacent  urimferons 
tube. 

Mr.  Bowman's  expla- 
nation of  the  Malpighi- 
an  cu"culalion  is  repre- 
sented in  /Vy.  92.  a, 
branch  of  renal  artiery ; 
af,  atferent  vessels ;  vt, 
m,  Malpigliian  tufts :  ef. 


Fil/.m. 


«l«B«nUwfrm ^ita^hwK,  iHgBl.  ^y;  efferent   vessel 8  ;  p,    Wil»«.  i>rii«l*wMt»b»*»l 
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'^'  "•  their  plexus  upon  the  urmi^rooB  tube;  st^  straight 

tube ;  ct,  convoluted  tube. 

I  am  indebted  to  Dr»  Isaacs  for  the  following  in- 
structive figures  anddesciiptions  frora  his  paper  rea^l 
before  the  Academy  of  Medicine  His  method  of 
exoTnination,  of  the  /%.  ea, 

minute  mechanism 
of  the  kidney,  by 
rendering  small  por- 
tions of  it  transpa- 
rent, grcssiUy  facili- 
tates thcae  research- 
Dr,  Isaac3*3  in- 

vestigationa  are  entitely  continnatDry  of 

Mr.  Bowman's  views,  so  far  ns  atnucture 

18  concerned.     J^iff,  d'd  is  a  view  obtained 

by  aentating  8cra|)in£rs  of  the  kidney  of  a  Mutnieiiian  lun  irtui  wrtBiitioai  mbeiSSi. 


niagrun  of  Uitlpl|;Iilaii  ckrcu- 


Kgjitnrcd  !\[iiL|>i);liiiiu  ani  uX  ILi:  Uucr.  oiH^lfli^d  SO  tUamcten. 


Fi-J.  OS. 


TfudnltKl  eelli  oii  «oll,  mAgntM  SO  dlnmciare. 


sheep  (which  had  pre- 
viously been  injectetl 
with  clitome  yellow 
and  solpiiunG:  ether)  in 
a  teat-tiibe  with  water. 
The  portion  on  the  left 
shows  the  tiift  alone, 
that  on  the  right  its 
reception  in  the  urinif- 
I  erou3  capsule, 

I^igi.  '14  shows  the 
artery,  filled  with  in- 
Jection,  and  the  Blal- 
pighian  coil  or  tuft  rup- 
tured in  the  capsule. 
The  injected  material 
lies  in  broken  portions. 
Fragments  of  the  in- 
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jected  vessels  of  the  coil  are  seen  passing  down  tlie  tube.     From  the 
kidney  of  the  deer. 

A  dift'erence  of  opinion  prevails  among  anatomiats  as  to  the  existence 
of  nucleated  cells  npon  the  Malpighian  tuft  or  coil  in  tlie  case  of  the  higher 
animals.  TliLa  question  is  finally  settled  by  Dr.  Isaacs  in  the  following 
manner.  An  ethereal  or  waterj'-colorcd  solution  is  injected  into  the  ure- 
ter, so  a9  to  distend  the  tubes,  biirst,  and  throw  oft'  the  capsule.  The 
cells' can  then  be  &cen  upon  the  naked  tuft  or  coil.  J^ig.  95  shows  the 
Malpigluiui  body  and  urinileroua  tube  of  the  kidney  of  the  black  Lear. 
The  firtery  had  beeu  first  jmrtially  &Ued  with  injection,  which  had  broken 
the  coil  in  piecea.  The  injection  from  tlie  ureter  ruptured  the  capsule, 
whicliia  seen  in  shreds.  Nucleated  cells  are  seen  on  tJie  naked  coU  or  tul'l. 
In  tlic  upper  part  of  the  figure,  to  the  left,  is  a  broken  tuft,  on  the  right  of 
which  tlie  nipturpd  capsule  is  perceived,  and  nucleated  cells  upon  tho 
uncovered  tuft.  In  the  upper  part  of  the  figure,  to  the  right,  are  the 
tragmenls  of  a  Malpighian  tuft,  with  nucleated  cells  adhering  to  it.  The 
capsule  had  been  torn  oif  Tv-ith  a  fine  needle.  All  llie  above  drawings 
were  made  under  the  microscope. 

The  urine  of  man  is  a  clear,  amber-yellow  liqoid,  the  average  specific 
The  iirinp  i(»  ^^^^^J  ^^  whicli  may  be  taken  at  1.020,  giving  an  acid  re- 
iiropcrti«  »Bd  action  when  first  voided,  but  gradually  becoming  alkaline 
*'"*"  ' •"  and  turbid.  Its  coinjwBition  varies  greatly  witli  preoaling 
states  of  the  Bystcm,  and  the  nature  and  quantity  of  the  food.  It 
amounts,  in  the  course  of  a  day,  to  ^m  20  to  ^0  ounces ;  this,  however, 
depending  on  the  quantity  of  water  that  has  been  taken,  and  on  the  ac- 
tivity of  the  skin.  Its  solid  ingredJenls  vary  from  20  to  70  jjarta  in  1000 
of  the  urine,  the  leading  substances  being  urea,  uric  acid,  lactic  acid,  ves- 
ical mucus,  epithelial  debris^  extractive,  and  salts. 

The  urine  of  carnivorous  diflcrs  from  that  of  herbivorous  animals,  the 
latter  being  turbid,  and  having  an  alkaline  reaction ;  that  of  the  former 
transparent,  pale  yellow,  and  acid. 

From  Winter's  esperiments,  it  appears  that  for  every  th&usand  parts 
of  hia  weight  a  man  discharges  25.0  parts  of  urine  pec  diem,  the  max- 
imom  being  4C.8,  the  minimum  14.0.  A  child,  reduced  to  the  sarao 
standard,  discharges  47.4  parts;  but  a  cat,  fed  on  a  fle^h  diet,  91.03i!. 
The  quantity  of  water  thus  removed  depends,  to  a  very  great  extent,  on 
the  existing  conditions  of  the  system  :  sometimes  it  is  far  less  than  would 
answer  to  the  amount  (hat  has  been  taken  ;  sometimes,  on  the  contrwy, 
more.     The  solid  material  likewise  exhibits  very  great  fluctuations. 

Viewed  as  a  group,  the  constituents  of  the  urtne  are  o-idently  the  ox- 
Orifrin  nf  til"  i'J'^^'^  residues  of  the  system,  whicli,  unable,  from  their  not 
posaessiiig  the  vaporous  or  gaseous  form,  to  escape  through 
the  lungs,  are,  from  their  solubility  in  water,  readily  removed 
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by  the  kidneys.  The  urea  and  nric  acid  are  derived  from  miiscular  de- 
caj ;  perhaps,  of  the  two,  the  uric  acid  first  ariaea,  and  Ih  subsequently 
converted  into  Urea;  this  is  hot,  however,  its  exclusive  source,  since  the 
quantity  of  urea  increases  by  the  use  of  highly  nitrogenized  food.  The 
raucua  and  epithelial  debris  are  derived  frora  the  mucous  membrane  lin- 
ing the  interior  of  the  urinary  apparatus.  Of  the  salts,  there  are  two  of 
unUHUal  interest,  the  sulphates  and  phosphates,  each  liaving,  like  the 
urea,  a  double  origin,  the  food  and  tissue  decay.  Leaving  out  of  consid- 
eration that  part  which  baa  been  supplied  by  the  food,  wc  recognize  in 
the  Bulphatetj  tho  final  disposal  of  that  aulph;ir  which  was  once  secreted 
by  the  liver,  and  subscquenlly  reabsorbed.  In  the  phosphates  we  recog- 
nize the  oxidation  of  the  free  phosphoras  of  tlic  nervous  CoQBtitiiiionot 
vesicles  during  their  period  of  activity.  That  portion  of  the  ^""'' 
solid  conatiluenta  of  the  lurine  whicli  is  due  to  decay  or  retrograde  met- 
amorphoaiB  is  shown  when  an  nnimal  is  exciustvely  fed  on  sugar. 

CtiiojUHiitinn  of  Unnn.     {F^m  Brntlitm.) 

Water 033.00 

Urea 30.10 

Uric  ftdii ,...., -.....,,,„....„ „  1.00 

Lsctit!  at^id,  likciAro  ofatutnonia,  and  extractive 17.14 

Mucus 00.32 

Siilphaiti  of  {Mlasfa S.Tl 

Suiphnte  of  goda 3.16 

Phosphate  of  Koda... , , 2.fli 

Bi-phoBphatc  -uf  atDUiuuia l.Gfi 

Cliluride  of  sodium i.lili 

Murialo  f>f  nniliioiiiii ...,...,.:.... 1.50 

PlLoaphateB  of  lime  aniE  roagncsis... 1.00 

Silica 0.03 

1000.00 

The  corapoBition  of  urine  is  not  only  disturbed  by  variations  in  the 
amount  of  its  normal  ingredients,  but  likewise,  in  morbid  states,  by  tht- 
appearance  of  unusual  ones.  Among  these  may  be  more  particularly- 
mentioned  ^ugar^  alhumcn,  blood,  bile,  pus^  fat.  The  presence  of  such 
abnormal  ingredients  is  determined  by  chemical  teats  or  microscopic  ob^ 
Bervations. 

SiniC:e  tlie  urinary  apparatus  is  the  sewer  of  the  system,  tables,  like  the 
preceduig,  which  pur^iort  to  set  forth  tlic  composition  of  its  variabjliiv  of 
excretion,  can  only  be  received  as  general  illustrations.  In  iia  wasiiiu- 
iLe  urine  mu-st  occur  whatever  materials  have  been  gener- 
ated in  the  complicated  dismtcgration  of  ibc  economy,  and  whatever  use- 
less substances  have  found  their  way  in  through  the  absorbents  by  rea- 
son of  their  solubilitj-  in  water. 

Respecting  tho  substances  thus  occurring,  either  normally  or  unusu- 
ally, in  the  urine,  the  following  arc  observations  of  interest; 

The  quantity  of  urea  excreted  depends  more  upon  the  nature  of  the 
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v«Uti<jD»  In  ^^*°^  *■''*"  npon  any  other  condition.  It  reaches  its  maxi- 
ibe  qoindty  mum  nndo"  an  ibaolute  animal  diet,  and  its  rainimum  under 
ofnna.  ^  non-nitrog^nized  one.  It  still  appears  durihg  fasting,  and 
about  to  the  iame  estent  as  during  a  non-nitrogen ized  diet.  Its  sources, 
therefore,  are  partly  the  waste  of  the  tissues  and  partly  the  food. 

By  BGveral  observers,  luea  has  been  detected  in  the  blood  under  ordi- 
nary circumstances.  Ai"ter  extirpation  of  tlie  kidneys  it  has  Ijccn  re- 
peatedly recognized  in  tliat  of  the  lower  animals.  It  is  removed  with 
such  rapidity  by  the  kidneys  that  its  quantity  is  probably  never  per- 
mitted to  exceed  a  tiftieth  of  one  per  cent,  of  the  circiilating  blood.  Its 
origin  has  generally  been  attributed  to  the  waste  of  muscular  tissue, 
though  it  has  not  yet  been  detected  in  muscle  juice ;  but  then  it  should 
be  remembered  that  creatine  and  inosic  acid  may  producp  it  during  their 
descending  metamorphosis.  Under  this  Wew,  the  seat  of  Its  production 
would  be  the  blood  itself,  a  conclusion  which  is  enforced  by  the  circum- 
stance that  caffeine  also  increases  its  amount. 

In  his  inaugural  dissertation,  entitled,  "  Is  muscular  Motion  the  Cause 
Oti^A  at  the  of  tlic  Production  of  Urea  ?"  Dr.  John  C.  Draper,  by  cxpcri- 
•"**■  ments  on  the  urine  of  persons  in  different  conditions  of  motion 

and  rest,  and  by  an  examination  of  the  diurnal  and  nocturnal  variations 
in  the  amount  of  urea  voided,  compared  -n-itli  an  invanablc  standardt 
gives  reasons  for  concluding  that  the  differences  in  the  amount  of  urea 
excreted  are  almoat  entirely  attributable  to  the  ioiluence  of  tlie  food,  an 
individual  in  such  a  state  of  comparative  rest  as  is  observed  during  treat- 
ment for  a  fractured  leg  not  excreting  by  any  means  so  much  less  urea 
as  miglit  have  been  anticipated  when  compared  with  another  individual 
who  walked  thirteen  miles  at  the  rate  of  four  and  a  half  miles  an  hoar. 

But,  on  examining  the  influence  of  food,  it  appears  to  be  well  marked. 
The  greatest  amount  of  urea  is  excreted  within  a  few  hours  after  dinner, 
Ajiother  maximum  also  occurs  just  after  breakfast ;  but  during  the  eight 
night  houra  far  leas  is  excreted  than  during  the  same  period  in  the  aft- 
ernoon. 

The  ingestion  of  food  thus  exercising  so  rapid  and  marked  an  influ- 
ence on  the  quantity  of  urea,  he  refers  to  it  as  the  cause  of  the  increased 
excretion  of  that  substance  during  the  course  of  the  day  rather  than  to 
the  increased  motion  of  exercise  then  indulged  in ;  and  id  view  of  this 
conclusion,  it  becomes  probable  that  the  nitrogen  of  the  wasting  musca~i 
laJ*  tissues  escapes,  not  under  the  form  of  urea  through  the  kidneys,  but ' 
through  the  skin,  or  perliaps  even  ag  free  nitrogen  from  the  lungs. 

Of  the  variations  of  tlie  sulphates,  it  may  be  observed  that  the  aveiv^ 
Viriailons  of    ^^  diumal  excretion  of  sulphuric  acid  per  thousand  parts  of 
the  suiiphoUB.  naan  being  0.050  of  a  part,  an  increase  is  observed  during  di- ' 
gestion,  a  diminution  occurring  during  the  night,  the  mintmnm  being 
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reached  in  the  forenoon.  Exercise  to  a  moderate  degree  does  not  seem 
to  intiuence  it,  though  that  of  »  more  violent  kind,  snd  also  mental  ex- 
citement-, do.  Fasting  for  one  day  does  not  diminish  it.  Copioua 
drafts  of  water  inercase  it,  but  it  subsequently  declines.  The  admin- 
istration of  Hulphur,  and  of  the  sulphates  of  potash,  soda,  and  maguesia, 
also  inereaaea  it,  the  latter  salts  being  removed  from  the  ayatera  througli 
the  kidneys. 

The  quantity  of  extractive  matter  excreted  by  cloildren  la  mnch  mort 
than  that  excreted  by  adult*,  when  estimated,  as  all  such  .,     ,,.    , 
obaepvations  ought  to  be,  by  reduction  to  a  conimon  stand-  tr*L'i3TB*iii 
ird.     Thus  Scherer  found  that  for  every  tliouaand  parts  of  ''™'*' 
weight  a  child  excreted  0.346  gf  a  p.art  of  extractive  per  diem,  but  an 
adult,  for  each  thousand  parts  of  weight,  eaa:reted0.15(j  of  a  part,  which 
ia  less  than  half  as  mucli. 

The  quantity  of  chlorine  in  the  urine,  as  chlorides  of  sodium  and  po- 
tassium, undergoes  many  variations.  Hegar  Bhowa  that  it  v  -,  ti 
Is  at  a  maximum  in  the  afternoon,  at  a  minimum  in  the  tht^  chioKde  of 
uight,  and  rising  toward  morning.  Its  quantity  in  increased  ^  "^'"' 
ai'ter  taking  water,  and  then  diminishes.  Muscular  exercise  also  in- 
creases it.  It  is  interesting  to  remark  that,  in  inflammatory  conditions 
acoompanied  by  copious  exudations,  the  chlorides  in  the  urine  are  so 
much  diminished  that  that  Hecrelion  in  its  fresh  state  will  yield  no  pre- 
cipitate with  nitrate  of  silver.  In  80  caaes  of  pneumonia  observed  hy 
Redtenbacher,  the  acidified  urine  did  not  become  turbid  with  nitrate  of 
silver,  but  as  t!ic  inflammatory  action  subsided  the  ciilorides  reappeared. 

Of  medicaments  and  other  unusual  substances  introduced  into  the  Or- 
canisB),  those  which  are  soluble  in  water,  and  have  little  ^  ^ 
affinity  for  the  constituent  matters  of  tlie  body,  are  removed  »u»l  wlta  in 
in  the  urine.  In  this  lint  are  found  a  great  number  of  salts  ^  """^^ 
which  escape  in  this  manner  without  undergoing  any  change ;  Buch,  for 
example,  as  carbonate  of  potaali,  nitrate  of  potash,  bromide  of  aodiuni. 
Other  Bubatances  undergo  change  previously  to  their  elimination^  as,  for 
instance,  the  alkaline  sulphides,  which  become  oxidized,  and  are  then 
finally  removed  as  alkaline  sulphates.  Dr.  lience  Jones  has  satisfactori- 
ly shown  that,  when  ammonia  ia  taken,  it  is  removed  as  nitric  acid  in  the 
urine.  Under  tlie  administration  of  the  neutral  alkaline  salts  of  vegeta- 
ble acids,  alkaline  carbonatea  in  excess  appear,  owing  to  the  oxidation 
of  their  acid  in  the  blood.  That  this  is  the  true  seat  of  the  oxidation, 
and  that  it  takca  place  with  great  rapidity,  is  demonstrated  by  the  in- 
jection of  such  salts  into  the  jugular  vein,  which  very  soon  are  found  as 
carbonates  in  the  urine. 

When  o.^alate  of  lime  is  introduced  into  the  etomach,  it  does  not  make 
its  appearauce  in  the  urine,  perhaps  because  of  its  insolubility  present- 
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iag  a  difficulty  to  its  absorption.  In  the  case  of  some  wiimals  it  occurc 
Production  of  naturally  in  the  excrement.  When,  in  man,  it  ie  found  in  the 
dfs^urlJd'rai."  i""*^-  i'^  occuTTence  may  be  often  traced  to  a  diatiirhance 
plruiion.  of  the  Inspiratory  function,  or  to  abnormal  metamorphosis 

occurring  in  the  blood.  Under  &uck  circumatjuices  it  presents  itaelf  in 
convalescence  from  typhua.  That  it  can  arise  from  such  metamorphosis 
is  proved  by  the  circumstance  that  it  is  found  in  the  urine  after  the  in- 
jection of  urates  into  the  veins.  When  the  kidneys  act  vicariously  for 
the  lunga,  there  tlius  appear*  to  l>e  a  tendency  to  the  removal  of  carbon 
under  the  form  of  oxalic  instead  of  carbonic  acid. 

Hippuric  acid  may  arise  in  the  organism  from  the  metamorphopis  of 
OceMrrcaev  of  bcDZoic  Eud  cinnamic  acids,  the  adm.iniatration  of  these  sub- 
hippurie  add.  gfancea  being  follorved  by  its  excretion  in  the  urine.  If  any 
thing  was  necessary  to  prove  that  the  seat  of  its  origin  is  the  blood,  its 
discovery  therein,  in  the  case  of  the  ox,  by  Verdetl  and  DoUfass  would 
be  sufficient.  Its  general  ocftirrence  in  the  urine  of  graminivoroo*  ani- 
mals, and  its  absence  in  that  of  the  camivora,  indicate  that  its  norma] 
production  is  connected  with  the  nature  of  the  food.  However,  among 
some  of  the  lower  animals  it  is  still  excreted  while  they  are  in  a  state  of 
starvation,  and  it  has  been  recognized  in  the  urine  of  diabetic  patients 
under  a  strict  animal  diet. 

-After  the  injection  of  alkaline  lactates  into  the  jugular,  the  urine  be- 

DisappearntiK^o   COmOs  altftlinc   10  the    COnrse   of  a  quarter  of  an  honf-       If 

uics  fwm  tliB  ^^'^y  have  been  taken  into  the  stomach,  in  about  double  tliat 
biiHMi.  time.     The  passage  of  other  salts  is  Eometimca  even  more 

rapid ;  thus  the  ferrocyanide  of  potassium  lins  been  detected  in  the  urine 
io  less  than  two  minutes. 

The  excess  of  protein  bodies  absorbed  from  the  digestive  canal,  and 
Eseeii*  of  pro-  unneccsBary  for  the  repair  of  the  system,  is  removed  as  urea 
urin  ^odilM  re-  find  uric  add;  and,  in  like  manner,  the  snlphur  atid  phos- 
phorus introduced  by  those  bodies  are,  after  oxidation,  dig- 
charged  as  sulphates  and  phosphates.     Under  the  use  of  a  strictly  ani- 
mal diet,  the  urine  resembles  that  of  carnivorous  animals  in  color,  acid 
reaction,  and  freedom  from  lactic  and  hippuric  acids. 
piMppcarBnce       "^^'^  phosphate  of  lime  often  almost  totally  disappejirs 
rfptio^piiflieof  during  pregnancy,  and  fractures  unite  at  that  period  with 
difficulty. 
Many  circamstancea  regulate  the  length  of  rirae  that  extraneous  sub- 
pBriodthstox.  Stances  will  remain  in  the  system ;  thus  ii  Bajmetimes  occurs 
that,  after  the  administration  of  alkaline  salts  of  organic  acids, 
the  alkalinity  of  the  urine  will  disappear  in  tlie  course  of 
half  a  day,  while  on  other  occasions  it  will  continue  for  sev- 
eral days.     The  period  also  varies  very  much  witli  dJiTcrent  individuals. 


tnneoiu  lub- 

lUutcM  may  Tf' 
ffiain  in  the 
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When  the  substance  adrainistered  is  of  such  a  chemical  nature  that  it 
can  unite  with  anj  lisstie,  it  may  remain  in  the  system  for  a  very  long 
time. 

The  anatomical  construction  of  the  Malpighian  bodies  has  led  physi- 
ologists to  infer  that  there  are  two  distinct  stages  in  the  se-  Mnnner  nf  se- 
cretion of  urine.  These  Iinve  already  been  pointed  out  in  uHnl^'sai'l'b^ 
tive  remark  that  the  Malpighian  bodies  separate  water  from  filEraiion. 
the  blood,  but  that  (he  solid  ingredients  are  secreted  from  that  delicate 
plexus  of  vessek  which  covers  the  walla  of  the  urinary  tubes.  Before 
accepting  this  opinion,  we  may,  however,  observe,  that  the  chief  solid  con- 
stitnenta  of  the  urine,  as  urea,  uric  acid,  sulphates,  and  phosphates,  pre- 
exist in  the  blood,  and  are  all  soluble  in  water.  It  is  not  to  be  anpposcd 
that  the  water  which  oozes  through  the  deUcate  walls  of  the  Malpighian 
tufts  should  leave  such  substances  behind  it.  That  the  loss  of  water 
actually  takes  place  in  the  tuft  circulation  api>ear8  to  be  proved  by  the 
fact  that  the  vessel  emerging  from  the  tuft  ia  less  than  the  one  entering 
it;  the  volume  of  blood  ia  less  by  tlie  amount  of  abstracted  water. 

We  must,  moreover,  take  care  that  we  are  not  deceived  by  a  name. 
The  vessel  emerging  from  the  tufts  may  be  conveniently 
enough  called  a  vein,  but  is  there  any  proof  that  such  ia  its  quality  reiBin- 
physiological  attitude?  There  ia  no  reason  to  believe  that  *'''«f«'"^- 
the  blood  has  loat  its  arterial  character  while  it  has  been  in  the  tuft.  At 
the  moat,  it  can  only  have  lost  the  elements  of  urine.  It  is  not  until  it 
13  distributed  in  the  plexus  on  the  walls  of  the  uriniferous  tubes  tliat  it 
really  gains  the  venous  charaelerj  and  then  through  nourishing  those  ves- 
sels, and  particularly  the  cells  oftfieir  interior. 

Tliesc  considerations  therefore  lead  me  to  the  suggestion  that  the  inor- 
ganic bodies,  as  urea,  uric  acid,  sulphates,  and  phosphates,  which  may  all 
be  regarded  as  products  of  final  oxidatioor  pass  out  with  the  water  in 
which  they  are  dissolved  while  the  blood  is  yet  circulating  in  the  Mal- 
pighian tuft.  The  loss  of  velocity  in  the  current  by  the  arterial  twig 
breaking  np  into  so  manv  vesFcls  nuist,  as  ilr.  Bowman  states,  greatly 
favor  this  transudation,  as  does  also  the  pressure  that  must  arise  from  tlie 
blood  Iiaving  to  pass  through  a  narrow  channel  of  exit,  and  still  more 
through  another  capillary  system  just  beyond.  It  was  arterial  blood  that 
entered  the  tuft,  and  it  is  arterial  blood  that  emerges,  to  be  then  directed 
npon  the  walls  of  the  uriniferous  tubes. 

And  now  the  question  may  arise.  What  is  the  object  of  this  second  cap- 
illary circulation  ?  Though  the  statement  ia  often  made  that  Tha  ceil*  re- 
the  constituents  of  the  urine  arc  the  results  of  oxidation,  it  ("-"J,"!  ^i^"" 
is  very  far  from  being  strictly  true.  The  analysis  of  urine  &iniieM. 
shows  that  a  very  large  proportion  of  them,  classed  as  extractive,  are  real- 
ly combustible  bodies,  and  not  far  advanced  in  their  retrograde  mcta- 


224 


THE   MAMMARY  Q  LANDS. 


morphosis.  Tliey  retain  still,  as  it  wcrej  the  traces  of  organization : 
they  belong  rather  to  the  Iiydrocarbon  faniilj  than  to  the  nitrogeniaed. 
It  may  be  that,  for  the  removal  of  these,  cell  action  is  neceaaary. 

Wliatever  iiaiwrtance  may  be  attache*!  to  eucli  a  suggestion,  it  is  ver^' 
ii«df:ofri;mov-  citar  that,  notwithstanding  the  extreme  thinness  of  ihe  wallb 
film  \heXi!  0*'^^^  t"*^  vessels,  the  relaxation  in  the  speed  of  the  blood 
l-ighiaD  6BC.  current  through  them,  and  (he  pressure  brought  to  hcai-  upon 
them,  that  water  toultt  not  be  aeparattid  by  oozing  through  tiieni  unless 
fbeto  was  an  additional  provision.  The  sac  into  wlii^li  the  exudation  is 
to  take  place  la  already  t\iU,  and  it  may  be  questioned  whether  ciliary  mo- 
tion in  the  uriuiferous  tubes  would  exert  a  sufficieut  exJiaustion  to  icbevc 
the  interior  of  the  capsule  from  pressure ;  but  the  introduction  of  a  Uquid 
of  a  different  nature  into  the  urinileroua  tube  may  call  at  once  into  oper- 
ation tJic  principle  described  at  page  131  as  acting  in  the  capillary  circa- 
lation  of  the  blood,  and  thus  the  contcnla  of  the  Malpighian  sac  are  drawn 
forward  into  the  nriuifcrous  tube,  just  in  the  same  manner  that  water  is 
draWTi  ttom  the  inside  of  a  bladder  tlirough  the  pores  lliereof  by  alcohol 
On  the  outside- 


THE  MAMMAHY  GLANDS. 

The  mammary  glands  are  situated  on  various  portions  of  the  abdom- 

_      _.      ,  inal  and  thoracic  surfaces  of  animals  of  the  class  mammalia. 
ueacnplwn  of  _ 

iiie  inaminary    In  the  highci'  membcTB  of  this  class  they  present  the  appear- 
^  "*  *  ance  of  racemose  glands,  nulimentar)'  in  the  males,  but  well 

developed  in  the  adult  females,  especially  after  parturition.     They  separ- 
ate firom  the  blood  the  white  secretion,  milk. 

In  tlie  omithorynchita  the  maromaiy  glaud  consists  of  an  obtuse  cone 
of  cofcal  Ibllicles,  ending  upon  au  areolar  surface.  There  is  no  nipple. 
The  milk  is  expelled,  both  in  these  and  the  marsupiale,  by  direct  mus- 
cular preaaure.  In  cetaceans , the  nipple  is  included  in  a  cleft  of  the  in- 
lu  DompArs-  tegument,  but  in  the  higher  mammalia  it  projects,  so  tliat,  bc- 
Uve  aiwtonjj-.  jj^g  (.gceived  into  the  mouth  of  the  young,  and  suction  being 
made,  the  pressure  of  the  air  takes  effect  upon  the  surface  of  the  gland 
and  cspels  the  milk. 

In  different  cases  the  number  of  mammie  differs.  In  the  human  spe- 
cies tliere  are  but  two,  placed  upon  the  thoracic  surface,  and  from  their 
position  favoring  the  care  and  nursing  of  the  cliild.  Among  other  ani- 
mals the  number  eeemg  to  have  n  relation  to  the  number  of  young  brought 
forth  at  a  birthj  tliere  usually  being  a  pair  for  each  one.  Many  excep- 
tions to  this  rule,  however,  occur. 

The  mammary  gland  corresponds  in  anatomical  structure  to  the  paro- 
tid and  pancreas.     It  consists  of  15  or  20  lobes,  each  from  i 
to  1  inch  in  width;  these  are  composed  of  lobules,  and  thetie, 
again,  of  coscal  vesicles.     The  excretory  ducts  are  lined  witli  tesselated 
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lelimn.  The  ducts  converge  toward  the  nipple,  opcninjr  upon  it  V 
10  or  15  apertures,  and  in  iheir  course  dilalitig  into  ampulla;,  of  sini^l 
capacity  in  women,  "but  in  the  COW  capable  of  holding  a  quart. 

Fiff.v9.  As   regards   its   development,  the  ninuimar.' 

gland  originates  in  the  fourth  or  fifth  im  ,3,vcioiii- 
nionth  as  a  papillary  projection  of  the  "'^"'• 
mucous  layer  of  the  epidermis,  as  shown  in  J^ig. 
96,  in  which  1  ia  the  rudimentary  gland  in  the 
male  embryo  of  five  months,  a  being  the  horny, 
i,  mucouj  layer  of  the  epidermis ;  c,  process  of 
the  latter,  the  Tudiinent  of  tlie  gland ;  d,  fibrous 
membrane  round  it.  At  2  is  the  Jacteal  ghiml 
of  a  female  embryo  of  seven  months,  Eeen  from 
above :  a,  central  substance  of  the  gland  ;  S,  c, 
budding  outgrowths,  the  rudiments  of  the  gland 
lobea.     (KoUiker.) 

J^jff.  97,  vertiwd  section  of  the  human  mam- 
mary gland :  a,  a,  its  I'^ctoral  surface ;  6,  A,  skin  on  siuface  of  the  gland ; 
Fig.  VI.  c,  skin  of  nipple;  d,  lobules  and  Jobua  of  gland;  e,  lac- 

tiferous tubes  passing  from  the  lobule,s  to  the  nipljle. 

As  pregnancy  advances,  the  ct^lls  of  the  gland  begin 
to  contain  fat,  in  a  manner  not  unlike  that  which  ia  re- 
marked in  the  cella  of  the  Bcbaceous  follicles  of  the  skin. 
When  the  gland  Ijecomes  ai^tive  after  parturition,  it  is 
stated  that  ihc  first-formed  milk-cella  break  up  in  the 
lactiferous  ducta  into  milk  globules,  their  membrane  and 
nucleus  disap|>earing.     The  milk  globuica  are  minuto 
pai-tides,  van'ine  in  their  diameter  from  the 
Wcni  to  the  -fjA^  ot  an  inch.     They  con- 
sist of  oily  malerial  inclosed  in  aii  envelope,  as  is  shown  by  the  fact  that, 
though  they  will  resist  for  a  short  time  the  action  of  sulphuric  ether. 
Fig.  98.  they  are  finally  dissolved  by  that  substance.     Be- 

sides these  milk  globules,  there  are  other  exceed- 
ingly minute  fat  particleR  present.  The  milk 
which  is  first  secreted  after  deliveiy  contains  cor^ 
puacles  of  ■considerable  size,  and  of  a  granulated 
appearance,  as  se«n  in  the  photograph,  J^iff.  9S, 

They  are   called  colostrum  corpuscles. 

rr,.  111-         I  t    1        ^         Colosinim. 

They  are  soluble  m  ether,  and  therefore 

xiiit  Willi  coiuitri.1  coriiuKici   coutaiu  tat.     There  is  reaaon  to  suppose  that  all 
the  fat  globules  of  the  milk  are  inclosed  in  cyat-likc  pelhcles  of  casein. 

In  the  chapter  on  food  {Chapter  II.),  a  general  description  of  the  char- 
acter and  const ittJtion  of  milk  has  been  given,  together  with  its  phyalo- 
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fm^mtmti  '"£■<=■'  relitkw  in  nutntion.  It  msr  vow  be  added  ihst  inA 
^iL  nnlk  pmoits  an  alkidme  reactioiu  wfaM  enAHan  ks^cr  in 

the  milk  of  vomea  than  in  that  of  oovb.  Left  i»  itMl(  ^id  ite  ncae 
qnicUf  the  wanner  the  air*  milk  tiinu  &>iir  ihrai^  tSie  pwdttiow  of 
lactic  acid,  the  cam^in  uiideT;going  ooagtilition.  That  the  oil  ^olnles  jsst 
vpoken  oC  arc  coated  with  a  liltn  of  a  coagulated  yttAem  hodr  a^yii. 
£r(nn  tlie  ciretmmtauce  that  it  ma^  be  dissolved  by  acetic  add,  sod  the  i^ 
eluded  butter  b  then  mt  free. 

Odb  of  the  aimplcHt  mcth^^ds  for  titc  analvFis  of  mUk  oanBEts  ra  noag 
A«iJttf«or  Bl^'i^g  it  at  a  ti.>nipcralure  of  212^  with  pulvezizsd  grpson; 
■"^^  the  nuHs,  tieing  ihen  evaporated  to  dryneHS,  is  pnlraixed,  the 

butter  heing  extracted  by  ether,  and  the  BQgaT  and  BoInUe  salta  1^  hot 
olcohoL  Tlic  amount  of  the  soluble  Baits  liiiLs  obtained  maj  be  detem- 
imyi  by  incineratiou ;  and  since  their  amount  is  to  that  of  the  is^olahle 
Halta  &if  6  to  l,a.a  ajiproxbnate  determination  of  the  Utter  may  be  made, 
and  (hereby  tlie  weight  of  lite  sugar  and  casein  corrected.  Thid  is  the 
method  of  Haidlen. 

It  would  uppenr.  from  examinationa  that  have  been  made  of  the  eocre- 
HekUoooftw-  *'°"  ^f  the  mammary  ghrnd  pr<?viou3  to  parturition,  that  ii 
iMinun  ud  conluiiiB  albumen  in  the  plat^  of  ca«eiii,  (he  casein  gradoally 
'"  apiR-aring  as  the  [M-riod  o*'  parturition  approaches,  bat  not 

ffiaching  its  nmjcrmnm  until  a  few  daysj  after  that  event.  Coloatral  milk 
diUbrtt  CMcntiaily  from  the  subsequent. ordinary  secretion,  as  the  follow- 
ing tabic  nhowti : 

OoHHilmlwn  ^  Ofbtlrvm  and  Jifilk.    (From  finwHi.) 


. 

OiinniniTii. 

UiLk. 

W«Ur., , 

mam 

CO-OO 

nun 

7tl.00 

8.10 

8.00 

1000.00 

S87.90 

2&.SQ 

34.80 

«J?.20 

2.30 

2.80 

1000.00 

The  BpecimenR  here  jiu'^i-iiIl-J  were  obtained  firom  the  same  individual; 
and  froHi  the  lably  it  api»earB  that  the  coloBtrum  contains  a  much  larger 
proportion  of  nolid  matcrinl  thnii  the  milL  The  quantity  of  fat  i3  near- 
ly double ;  the  quantity  of  sn;L;Mr  is  likewise  mueh  greater,  but  tlid  rela- 
tive quantity  of  aisein  is  loss,  this  l)eing  tn  accordance  ^th  the  state- 
ment that  the  prodnetion  of  that  substance  approaches  gradually  to  a 
maximum:  wUiicj!)  is  not  attained  till  a  few  diiys  after  parturition. 

The  composition  of  milk  varies  with  many  drcumstancea.  Thus. 
VaiiibUUvin  aniong  cows,  it  is  well  known  that  there  arc  cfrtain  lireed? 
ibcainpodtioa.  Y.'hifh  yiehl  ii  milk  in  M'hitJi  butter  prcdominales  ;  in  others. 
a  tnilk  in  whieh  them  is  an  o-'iir-s.-*  v\'  casein.  It  is  in  refercnee  to  this 
that  such  are,  among  agriculiund  people,  often  deacribwl  as  good  butter 
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cows,  or  good  cheese  cows,  as  the  case  may  "be.  Such  vaiiationa  arc 
likewise  ofton  populfirly  referred  to  peculiarities  in  the  color  of  these  ani- 
mals ;  and,  indeeJ,  thrre  is  a  general  impression  of  the  same  kind  as  re- 
spects the  railk  of  wonicnj  lliat  tliat  of  fair  woinen  is  inferior  to  that  of 
brunettes.  L'Heritier,  who  has  examined  into  this  matter^  selected  two 
females  of  the  same  age,  22  years,  and  caused  thera  to  adopt  the  same 
diet  and  thu  same  mode  of  hfe.  The  one  was  a  blonde,  the  other  a  bru- 
nette.    The  following  tublc  exhibits  the  most  marked  of  his  results : 


3GIk  ^  Wbmai  ofdifftnnt  TumpfTftuwiid.     (/^^MB  I'TTfrititT,'} 

Tim  HlinuLii.                Thv  iuiiuuib',       |, 

WMor 

893.00 

lo.oo 

68.^ 
4.00 

8fi3.80 

M.RO 

71.20 

SiUw 

lOUU-UD         \         ltHM.00         1 

The  average  of  tlie  various  analyses  he  made  Bhowa  tlie  same  general  tb- 
Rult,  though  not  so  strikingly,  the  number  being  tor  the  aolid  constitu- 
ents, in  the  ease  of  the  blonde,  120,  and  for  that  of  the  brunette,  134. 

Afl  woiJd  be  expected,  the  constitution  of  the  milk  varies  greatly  with 
the  diet.  Shnon  found  that  in  the  case  of  a  very  poor  woman,  influencfi  of 
who  had  been  almost  deprived  of  the  necessaries  of  lile.  the  i'»t '^'«  n^'ik. 
quantity  of  solid  material  was  only  8.G  per  cent.  On  giving  her  a  nntri- 
tioua  meat  diet  it  rose  to  11.9  per  cent.  Being  again  reduced,  by  cir- 
oujiistanccflhi  to  the  utmost  destitution,  the  solid  residue  sank  to  9.8  pea- 
cent. ;  and  on  once  more  being  supplied  with  a  nutritious  meat  diet,  the 
percentage  rose  to  12.6,  Thcac  results  illustrate  in  a  striking  manner, 
as  will  be  presently  seen,  the  function  of  the  mammary  gland.  Simon 
also  found,  in  this  particular  case,  that  the  relative  quantities  of  casein 
and  sugar  do  not  greatly  vary  with  these  extreme  dietary  variations,  but 
that  the  absolute  quantity  of  butter  does.  On  the  two  ocea-  -  .  .  ,  . 
aions  of  starvation,  it  waa  as  low  as  8  parts  in  1000  of  milk,  cancin  md  or 
and  on  the  two  of  full  nutritious  diet,  it  rose  to  34  and  37  'he  butter, 
respectively.  From  this  it  scema  to  follow  that  while  the  amount  of 
batter  in  milk  is  determined  by  the  quantity  and  quality  of  the  food,  the 
amounts  of  casein  and  sugar  are,  to  ft  considerable  degree,  independent 
thereof,  and  hence  I  believe  their  origin  is  to  be  attributed  to  change." 
taking  place  in  the  system,  and  that  these  BubstanccB  are  more  iramedi- 
.  ately  furnished  from  metamorphoses  of  its  structures. 

The  casein  and  the  sugar  are  reciprocally  related  to  each  other,  the 
quantity  of  casein  steadily  increasing  from  the  time  of  par-  aeUii^qaai^ 
turifion  until  a  fixed  proportion  is  attained.     At  parturition  tiiy  vt  cuein 
the  quantity  of  sugar  is  at  its  maxunum,  a  gradual  decline  ""    *"^^- 
then  occurring  until  ita  proportion  likewise  becomes  ncArly  constant. 
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S&Iine  substances  administered  by  the  stomach  or  recimn  do  not  d- 
EictntiiBons  ways  AppeM  IE  the  milk  ;  thus  the  ferrocyanide  of  potassi- 
Milw  lo  fpilkr  -mi,^  which  may  be  quickly  JetecteJ  Id  the  urine,  can  not  be 
tbrnid  in  the  milk.  It  is  ciuious,  that  when  iodide  of  potassium  lias  been 
admin isteretl  to  the  molber.  In  doses,  for  example,  of  tliree  grains  thrice 
ii  day,  it  can  be  readily  detected  in  the  urine  of  the  infcnt  by  the  usoal 
rest  of  Btarch  and  nitric  acid. 

The  diurnal  quantity  of  milk  yielded  by  the  human  female  Lw  been 
Diurnal  qimn-  estimated  at  from  32  to  ti4  ounces.  This  estim&te  is  made 
.iiy  uf  milk.  ]yy  (letennining  the  weight  of  the  infant  before  and  after  suck- 
ling. Although  a  certain  proportion  is  present  iu  the  gland,  the  secre- 
tion appears  to  take  place  for  tlie  moat  part  ivitli  great  rapidity.  On  the 
apphcatian  of  the  infant  the  blood  flows  suddeidy,  and  tlie  milk  pours 
into  the  ducts,  constituting  what  is  termed  the  draft. 

We  now  enter  on  a  consideration  of  the  fonction  of  the  mammarv 
Mflrteofiiction  g^^'"''  ^*'^^^  ^  view  of  determining  whether  it  acts  in  virtue 
ortbemiunnia.  of  its  Special  coustTuction,  whether  it  fabricates  in  itself,  by 
"^  '^  '^^'  '  the  agency  of  cells,  the  proximate  constituents  of  milk,  or 
whether  it  merely  strains  them  Irom  the  Llood  in  which  they  pre-ciist. 

XKie  weight  should  here  be  given  to  the  fact  that,  unlike  the  e:ccretiona 
'>f  the  lungs,  the  kidneys,  or  even  the  liver,  the  milk  contains  a  very  large 
percentage  of  liistogenetic  or  formative  bodies.  Its  casein  can  not  be 
considered  as  in  the  career  of  retrograde  transformation,  since  in  the  body 
of  the  infant  it  is  presently  changed  into  albumen.  Such  a  fact  might 
even  lead  us  to  suspect  that  wc  sliould  detect  some  essential  structural 
and  functional  ditfcreuces  between  the  mammae  and  other  glands. 

The  influence  of  8(>ecial  structure  is,  however,  disposed  of  by  the  nu- 
Inflnenca  of  D^crous  wcll-autbcnticated  cases  now  on  record,  in  which  por- 
tpvAil  imie-  tions  of  the  skin,  or  the  stomach,  the  navel,  intestines^  the  ax- 
illa, and  glands  in  the  ^oin  have  assumed  a  vicarious  action, 
and  secreted  milk ;  and  though  it  has  been  said  of  the  latter  instance  that 
it  may  be  nothing  more  than  an  obscure  nifinifestation  of  an  attempt  in 
the  human  species  at  a  re|>etition  of  the  maramary  gland  in  a  region  near 
which  it  is  normally  present  in  the  lower  mammals,  aocli  n  remark  !iM 
no  application  in  the  other  cases.  We  may  therefore  infer  that  the  proxi- 
mate constituents  of  the  milk  arc  not  manufactured  by  reason  of  any 
special  stnrcture  of  the  gland  which  secretes  them,  since  other  structurefl 
uan  a&sume  a  vicarious  action. 

This  therefore  narrows  our  inquiry  down  to  the  point,  Docs  the  mam- 
mary glatid  merely  filter  off  from  the  blood  substances  already  existing 
iu  it,  or,  those  substances  not  so  pre-existing,  are  they  made  in,  this  or- 
gan by  cella  ? 

Of  the  pro^mate  elements  of  nuUc,  many,  sucdi  as  the  entire  group 
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of  its  aalta,  arc  acknowlcJgeJ  on  all  hands  to  pre-exist  in  the  ~.  ^  .  ^, 
blood;  and  tliese,  constituting  about  ^  of  it3  solid  ingredi-  miikcxfsiin 
enta,  must  be  atlmitted  to  pass  into  the  secretion  by  strainage  "  '" 
only.  Ot"the  other  solid  ingredients,  the  t'nt,  which  constitutea  about  One 
Iburtli,  also  eilats  in  the  lilood,  being  derived  by  lacteal  absorption  from 
the  fbod- 

1)d  milk-giving  animals,  then,  find  in  their  ordinary  diet  a  sufficient 
quantify  of  oleaginous  material  to  supply  thodrain  e&tablisli-  .^^^^  hydTwar- 
cd  through  the  mammary  gland,  and  tlie  caloritacient  do  i*uii9  pre-exist 
mand,  supposing  none  to  be  made  in  the  syatem  ?  The  re-  '" 
searches  of  Dnmas  Iiiive  definitely  Settled  this  question.  Of  these  the 
following  is  an  abridgment : 

Fat  ui  Anicits  of  Fof(t(/f. 

Indinn  com... , ,...,.., 8,75  percent. 

Ric* 1,00  *'  " 

Oats ..,.,. ,.  3.30  "  " 

Hyo  1.75  "  " 

Wheat 2.10  "  ■' 

Dry  bA)' 3.0O  "  " 

CloTerin  Hower ..,. 4.00  "  " 

■^Vheftt  straw 3.20  "  " 

Out  straw R.10  "  " 

Beetroot COS  "  " 

PolJitoes 0.08  "  " 

A  COW  in  good  condition,  eating  100  pounds  of  dry  hay,  will  fumtsb  21 
quartB  of  milk,  from  which  there  can  be  obtained  1^  pounds  Qaandtygffsi 
of  batter.  If  thia  l>utter  was  obtained  exclusively  from  the  "^  for^fe. 
food,  and  none  made  in  the  syatenij  we  ought  to  tind  in  tlie  100  pounds 
of  dry  hay  IJ  poimds  of  fatty  matter;  but  sulphuric  ether  can  remove 
from  9ueh  hay  2  pounds,  and  in  several  specimens  of  clover  cut  in  flow- 
er, IL  Boussiiigaalt  tbund  the  proportion  as  Iiigh  as  4  per  cent.  We 
may  therefore  affirm,  relying  on  the  universal  ex|>erience  of  farmers,  that 
the  hay  eaten  by  a  milch  cow  contains  more  fat  matter  than  the  mUk 
which  she  yields.  Thus  far,  therefore,  we  are  not  authorized  to  regard 
the  animal  aa  capable  of  producing  the  butter  found  in  its  milk,  but,  on 
the  contrary,  we  may  be  led  to  suppose  tliat  the  whole  of  it  is  taken 
from  the  food. 

In  a  physiological  point  of  view,  a  single  experiment  of  this  kind  is 
instifficieiit.  Errors  may  arise  in  compM'ing  together  hay  taken  by 
chance,  and  the  produce  of  milk  taken  by  cliance.  It  would  doubtless 
be  far  better  to  establish  a  direct  experiment,  giving  the  proportion  of 
batter,  determined  by  analyBia,  relatively  to  the  proportion  of  fat  matter 
consumed  by  a  cow.  Tliis  experiment  has  been  made  on  such  a  scale 
and  Willi  so  much  care  as  to  be  very  convincing.  It  lasted  for  a  year, 
and  was  conducted  on  7  milch  cows,  the  milk,  drawn  twice  a  day,  being 
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carefully  nicasurcd.  T!ib  7  cows  furnished  17,576  quarts  of  milk;  ita 
weight  was  !ifi,382  pounds.  Being  analyzed  from  time  to  time,  it  was 
found  to  yield  3.7  per  cent,  of  buttCTj  completely  deprived  of  water^ 
From  this  it  follows  that  these  7  cows  tiirniahed  during  the  year  1346 
pounda  of  butter. 

During  this  time  thej  ate  30  pounds  of  hay,  clover,  and  grass  cacli 
day ;  that  is  to  aay,  the  7  cowa  consumed  during  tlie  year  77,t«5('i  lbs. 

Now  if  in  100  pounds  of  hay  tlietc  are  1.8  of  ftit,  the  77,6.'50  pounds 
represent  1378 ;  recollecting,  however,  tiie  use  of  clover,  which  is  richer 
in  fat,  the  amount  should  rise  to  raoie  than  2000  pounds.  But  the  but- 
ter obtained  was  only  1346  pounds. 

From  this  experiment,  therefore,  we  gather^  that  a  cow  which  is  giving 
milk  finds  much  more  fat  in  the  fodder  she  eata  tlian  13  sul>sequcntly 
yielded  in  her  butter.  We  may  therefore  conclude  that  such  an  animal 
extracts  from  her  food  most  of  the  fat  it  contains,  and  that  she  either 
Stores  it  up  in  her  adipose  cells,  uses  it  for  the  production  of  heat,  or  cou- 
rerts  it  into  butter. 

In  the  argument,  as  thus  presented  by  M.  Dumsis,  the  question  is  con- 
sidered in  its  quantitative  aspect,  no  allowance  being  made,  howeve-r,  for 
the  amount  of  oily  material  accompanying  the  fa'ces,  and  no  estimate  of- 
fered of  the  proportion  destroyed  for  the  sake  of  producing  heat.  It 
might  be  that  the  entire  amount  of  fat  escapes  in  the  fomier  of  these 
waye,  and  that,  though  a  sufficiency  occurs  in  the  food,  it  is  not  absorbed 
therefrom  into  the  system. 

There  are  many  facts  which  show  that  the  identical  fat  occurring  in 
tho  identical     the  food  18  actually  delivered  by  the  mammary  gland  with 
isfonnd  Id  'iha  ^^'^f  ^^f  '^^  quantities  unchanged.     Thus,  if  by  chance  cows . 
luilk.  should  eat  the  tender  shoots  of  piTic-trces,  or  wild  onions,  or 

other  atrong-gmelling  herbs,  the  milk  ia  at  once  contaminated  witli  the 
lipecial  flavor  of  their  oils.  The  same-,  too,  takes  place  when  turnips  are 
introduced  in  their  diet.  If  half  the  aliowance  of  hay  for  a  cow  is  re- 
placed by  an  equivalent  quantity  of  linseed-cake,  rich  in  oil,  the  cow 
maintains  herself  in  good  condition,  but  the  milk  produces  a  butter  more 
tbnu  usually  soft,  and  tainted  with  a  peculiar  flavor  derived  torn  the  \iar- 
seed  oil. 

To  the  preceding  facta  it  la  unnecessary  to  add  any  obsen'atiors  in  ro-| 
lation  to  the  carnivorous  manimals,  which  obviously  tind  in  their  preyl 
large  quantities  of  fat.  In  the  chapter  on  calorifacient  digestion,  and  inj 
that  on  the  functions  of  the  liver,  the  cWdcnce  was  pnigcnted  both  asJ 
regards  the  reception  of  oily  material  from  the  food,  and  likewise  its  fabi>j 
MnfficEent  catioD  in  the  syBteni.  From  these  sources  conjointly  it  may 
quBHtiiy  or  fai  therefore  be  plainly  seeu  that  i&its  of  various  khula  must  al- 
ways exist  in  the  blood.    A  simple  arithmetical  couiputatioiit 
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fonnded  on  tlie  data  furnishcfl  bj  the  tables  of  t!ie  constitution  of  blood  and 
of  miJk  respectiviely,  will  show  that  there  is  at  any  moment  a  sufficient 
supply  of  falty  matters  m  th<?,  blood  to  tiimish  two  thirds  of  the  diurnal 
amount  of  milk.  It  docs  not  seem,  then^fore,  philosophical,  under  these 
cijtcum stances,  to  impute  to  the  mammftry  gland  a  powtT  of  fonning  bul- 
ter.  It  doubllcsg  obtains  that  substance  directly  from  tlic  blood ;  and  it 
may  be  that  those  bodies  wliicli  are  conceived  of  aa  cells,  and  whicli  are 
giipposed  to  ariac  in  the  lobules  of  the  gland  in  successive  broods,  which 
nin  a  rapid  living  career,  coming  into  existence,  reaching  maturity,  dying 
and  deliqueedng  with  incredible  rapidity,  are,  in  realilj,  nothing  mon; 
than  oil  globules  wliich  have  coated  themselves  over  with  a  cyst  of  coag- 
ulated casein,  as  in  Ascheraon's  experiment,  or  jnst  aa  they  become  coat- 
ed with  a  similar  film  immediatrly  on  passing  from  the  intestine  into  the 
lacteal  vessels ;  and  tliis,  accordingly,  is  the  opinion  I  eiiteilaiii  of  their 
nature. 

Next  of  tlie  casein.  There  has  been  much  controversy  among  chem- 
ists respecting  the  existence  of  cai>ein  as  a  normal  ingrcdi-  Keasonsforin- 
ent  in  tlie  blood.  Theoretically  tliere  does  not  appear  any  B^^'e^']'^!^ 
solid  rejiwn  for  denying  that  it  may  Ite  One  of  those  constit-  Wooil. 
iients,  considering  the  analogy  of  constitution  which  it  shows  with  albu- 
ineru  The  evidence  is  much  more  distinct  and  positive  in  the  case  of 
puerperal  blood,  and  is  greatly  strengthened  by  the  recognized  tendenev 
to  the  occurreitce  of  kiestine  iii  the  lurinc  during  geatation.  This  sub- 
stance, to  which  much  attention  hag  of  late  been  devoted,  makes  its  ap' 
pearancc  in  such  urine  as  a  pellicle  or  membrane,  which  gradu- 
ally increases  in  tliickness.  It  Is  not  cominonly  seen  before  30 
liours  after  the  Urine  is  passed,  nor  later  than  the  eighth  day.  Though 
sometimes  appearing  at  an  earlier  period  of  gestation,  it  is  more  frequent 
in  the  seventh,  eighth,  or  ninth  months.  The  fact  is  not  without  signifi- 
oance  for  our  present  piu^jose,  that  it  may  reappear  hi  the  urine  atler  par- 
turition if  any  thing  occurs  to  check  the  WBcretion  of  milk.  Moreover, 
Prout  noticed  it  in  the  urine  of  a  delicate  child  which  was  fed  chiefly  on 
milk.  An  examination  of  it  shows  that  kiestine  is  composed  of  casein,  a 
butyric  fet,  and  the  phosphate  of  magnesia.  Such  a  constitution  betrays 
at  once  itft  relation  to  the  secretion  of  the  mammary  gland. 

Ijehmaim,  who  inclines  to  the  belief  that  kicstine  is  nothing  else  but 
the  formation  of  crystals  of  triple  phosphate  and  fungoid  and  confervoid 
growtiiB,  which  take  place  when  the  urine  becomes  alkaline,  admits  that, 
unless  it  has  been  the  basic  albuminate  of  soda  wliich  has  lieen  mistaken 
for  it,  casein  docs  oeeasionally  occur  in  the  urine.  From  the  acknowl- 
edged fact  that  the  acid  interstitial  juice  of  muscle  fibre  contains  casein, 
there  can  not  be  any  doubt,  I  think,  that  that  substance  must  pre-exist 
in  the  blood. 
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The  occurrence  of  casclii  under  the  form  of  kiestine  in  the  urine,  in 
qnantity  increasing  as  gestation  advances,  indicates  therefore  that  the 
itvstem  is  assuming  a  propensity  for  the  generation  of  this  substance  from 
(t*  alijuiii^noid  cotiiijgmids  ;  and  since,  m  Cases  of  stfliratiou,  the  j.>crceilt- 
-ige  of  ca«ein  in  tiie  milk  does  not  seem  t&  be  materially  affected,  we  an- 
['}  ultrihute  ila  imniediivtc  i^ourcc  to  the  system  rather  than  to  the  food. 
In  tliis  rcKpcct  it  dirters  from  tlie  oilj  coustituwit,  Ijatter,  the  jwrcentagr 
Amount  of  which  is  instantly  affected  by  variations  in  the  nature  and 
quantity  of  the  food.  It  would  seem,  indeed,  tliau  from  the  same  plastic 
ingredient,  alhuracn,  tlic  soft  tissuea  of  both  mother  and  infant  arc  fabri- 
cated, with  this  difference,  that  in  the  bitter  case  the  temporary  condition 
of  cai*ein  is  inlemiedtfltely  assumed.  We  have  already  remarked  on  the 
identity  yf  eoneljtulion  of  albumen,  caseia,  aiid  tibrin,  so  far  as  their  car- 
bon, bydrogLMu  nitrogen,  and  oxygen  are  concerned ;  and,  indeed,  these 
wiuiiuutida  ilifler  far  less  in  their  physical  characters  from  one  another 
olbtinitiu  in  its  coagulated  and  uncongulatcd  state;  yet  that  diffeiv 
rfci  pliyiAicnl  quality  may  be  readily  brought  about  by  so  trifling  an 
Jigcnry  ns  riso  of  teinjjcratiire  through  only  a  tcM*  degrees,  and  is  proba- 
bly dc[)cndent  upon  the  ditFerent  allotropic  forms  which  tlie  carbon  eon- 
jilitucut  is  prone  to  assume.  Giving  due  weight  to  these  varioaa  consid- 
t-rntions,  we  shall  tind  reason  to  conclude  that  this  constituent  of  the 
milk,  the  casein,  ia  directly  derii-ed  from  the  system,  which  can  manufac- 
lure  it  at  a  rate  of  about  3U  gmius  per  hour,  tlus  being  about  one  half 
ihe  quantity  of  fibrin  generated  in  the  same  period  of  time  for  the  sap- 
[forl  of  tlic  muscular  tissues^  Chemically,  the  transition  from  albumen 
to  casein  13  not  to  be  regarded  eitlier  as  an  ascending  or  declining  meta- 
morphosis, but  orUy  as  the  temporary  assumption  of  a  state  of  passage 
onward  to  the  condition  of  ftbrin. 

With  respect  to  tjie  conatitutioa  of  caseui  tliere  is  considerable  doubt, 
Ccinplcx  ■!»■  The  substance  commonly  pauvislng  uuder  this  title  seems  to 
lort  of  esMrfa.  consist  of  at  least  two  diflvn'nt  bodies :  at  all  events,  it  may 
be  Beparatcd  into  two  j^iarts,  one  contjutiing  sulplmr,  and  the  other  not ; 
moreover,  if  to  milk,  whicli  has  been  jjerfrctly  freed  from  buttert  there  be 
added  dilute  bydrocliloric  acid,  the  ordinary  precipitate  ia  yielded,  but 
there  still  remains  in  mlution  an  analogous  body,  which  docs  not  jirccipi- 
tate  until  the  mijtlare  w  boiled.  In  milk.  iJiough  touch  of  the  casein  is 
held  in  solution,  much  *J»o  eidsta  in  th«  coagulated  state,  forming  the 
wall  of  the  milk  gtob^es.  Its  existence  onda*  this  membranous  fonn 
may  be  demonstrated  by  the  action  of  acetic  acid  on  milk  globules  an- 
".Icr  the  microscope,  and  also  by  shaking  new  milk  with  ether,  wlncli  pro- 
duces very  Uttlc  change ;  whcreae,  if  the  milk  were  only  an  emulsion,  the 
other  should  take  up  the  fat  and  hold  it  in  solution.  Xow,  on  the  addi- 
tion of  potash  or  its  carbonate  to  milk  before  the  action  of  ether^  ihose 
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aubstances  dissolve  the  meinljrancT  and  then  (he  ether  takes  up  the  (at 
and  ibrma  a  dimly nj air  solution.  We  Taa.y  therefore  conclude  that  the 
auhatance  we  designate  as  caaelii  consists  of  two  mgredieiits,  the  protetn 
compouEid,  which  exists  in  a  state  of  solution  iu  miUc,  and  also  tlml 
wluch  I'ormia  tlie  raeinbrane  of  tlie  fat  corjiusclea. 

Many  of  the  remarks  just  mode  reapecting  the  origin  of  casein  are  ap- 
plicable to  the  saccharine  constituent  of  ihe  milk,  the  origin  Oriyiii  of  the 
of  which  13  not  to  be  attributed  so  much  to  the  tbod  directly  Augurofmiii. 
us  to  the  By«tem ;  for,  in  starvation,  the  sugar,  like  the  casein,  stUl  con- 
tinues to  form  to  nearly  the  normal  anjount.  I  tlunk  it  is  probable  that 
its  production  is  due  to  the  liver,  and  is,  in  reality,  nothing  more  than  an 
indication  of  the  continued  action  of  that  gland,  one  of  the  prime  timc- 
tions  of  wliich  is  the  generation  of  saccharine  compounda. 

From  the  data  now  before  ub  respecting  the  origin  of  the  different  con- 
Btitocnts  of  the  milk,  the  casein,  the  butter,  the  susar,  and  _,  _ 

the  salts,  we  are  able  to  come  to  a  deHnite  conclusion  re-  pimmi  acts  by 
garding  the  physiological  action  of  the  mammary  glanj.  I  '^"'■'™- 
have  entered  on  this  long  disquisition  from  the  important  bearing  ivhieh 
the  decision  we  arrive  at  has  upon  the  whole  theory  of  secretion  ;  for  if 
there  be  a  gland  in  the  body  in  which  we  should  expect  to  tind  proofs 
of  formative  powerr  tlurough  the  agency  of  cell  hfe  or  otherwise,  in  givTug 
rise  to  products  that  did  not  pre-exist  in  the  blood,  it  is  certaiidy  tiie 
mflnsmaiy.  But  now,  as  it  appears  that  all  the  constituents  which  its 
secretion  contains  are  found  in  the  blood,  we  can  scarcely  suppose  that 
the  gland  itself  does  more  than  merely  strain  them  out;  Oif  course,  in  com- 
mon with  all  aucb  structures,  it  possesses  what  might  aptly  l>e  termed 
an  elective  filtrating  power ;  thus  it  permits  the  exudation  of  the  iodide 
of  potaasium  fi-om  the  blood,  but  refiiaca  a  passage  to  the  ferrocyanide. 
And,  finally,  the  conclusion  to  which  we  thus  come  recalls  the  remark 
heretofore  made,  that  the  more  thorougldy  we  atndy  the  secretions  deliv- 
ered by  the  various  glands,  and  the  more  perfectly  we  identify  the  sources 
from  which  tlieir  constituent  ingredients  have  been  derivetl,  the  more  we 
should  be  disposed  to  impute  glandular  action  to  the  physical  process  of 
elective  filtration,  and  the  less  to  the  agency  of  cell  Hie, 


OF  THE  SKIN- 

The  skin  is  composed  of  two  layers,  the  epidermis  or  cuticle,  and  the 
derma  or  cutis.  It  contains  two  systems  of  glands,  one  for  the  removal 
of  water,  and  another  for  that  of  oily  suhatanccs.  It  also  presents  sub- 
sidiary parts  or  apjicndagcs,  such  as  the  nails  and  hair. 

The  epidermis,  wliich  is  the  exterior  portion  of  the  skin,  originates  from 
the  cutis.  It  has  a  diifferent  thickness  in  different  parta ;  TUe  cpidermiB : 
the  contrast,  in  this  respect,  being  very  vrell  shown  upon  the  ^^  »trui;nure. 
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soles  of  the  feet  and  tlie  eyelids.  In  this  respect  its  use  is  mecbanicaL 
It  Bcrves  as  a  protective  covering  to  the  porta  it  envelops,  being  thick 
where  jiressure  and  }iard  usage  liave  to  be  provided  lor,  and  liiiniier  whore 
rhcrc  is  a  accessily  for  motion.  It  coiisiBls  of  an  aggregation  of  uucle- 
utcd  particlc-a  adhering  together,  the  deepest  being  granules,  the  inter- 
mediate more  perfect  cells,  wliich  gradually  become  flattened  scales  as 
[hey  are  examined  nearer  tlie  suri'ace.  The}'  undergo  constant  ejcuvU- 
tion,  and  aro  as  constantly  replaced  from  beneath,  the  su]>erficial  ones 
hcconiing  dry  and  hojTiy,  thus  (uruishUig  a  resisting  teguinen*,  the  oper- 
ation of  wliieh  is  very  well  disphiyed  by  the  action  of  vesicating  agents : 
u  watery  discharge  from  tlie  vessels  of  the  cutis  soaks  through  the  lower 
subplaiico  of  ihe  cuticle,  and  raises  the  dry  layers  above.  The  chemical 
composition  of  these  dry  scales  is  the  same  as  tlmt  of  nail»  hair,  horn, 
andisC,,,  H^,  N„  O.g. 

At  ont:  time  it  was  supposed  that  the  rete  mucosair^  or  layer  of  31al- 
iEci<vmi.t«»um  P'S'"«  which  is  the  lowest  portion  of  ihe  cuticle,  and  there- 
aitii  iu  co\ar.  fore  resting  on  the  cutis,  is  a  distinct  structure.  It  is,  how- 
ii([  wftLinr.  gyer_  merely  the  most  recently-formed  portion  of  the  cuticle. 
The  netted  oppeartmce  it  presents  originates  iu  the  eiuincncea  of  (lie  jiap- 
illary  structuro  bcbw.  Many  of  its  constituent  particles  contain  col- 
oring mailer,  rspecially  in  the  dark  races.  The  pigment  seems  to  he 
produced  by  Ihe  ngeucy  of  the  suidight  and  continued  high  temperature, 
thougli  it  ilisappt^ara  gradually  as  the  cells  containing  it  approach  the 
surface.     It  yields  a  very  large  percentage  of  carhon, 

lloncath  the  epidermis  is  the  derma  or  true  skin.  It  is  composed  of 
.,..    .  hbruiis  tissue,  ivhicli  also  serves  to  connect  it  with  the  parts 

iuooMtTuo-  beuoath,  blood-vessels,  lymphatics,  and  nerves.  In  its  areolar 
"™'  tissue  both  the  white  and  yellow  fibrous  elements  arc  found, 

ihe  projKirtion  of  cnch  varying  according  to  the  mechanical  function  the 
part  hftx  to  discharge,  tlie  yellow  predominating  where  elasticity  is  jre- 
4uin>d,  and  the  while  where  a  resialance  to  pressure.  The  derma  also 
cotiUiius  organic  muscular  hbres,  to  wliieli  its  property  of  cormgatiou,  as 
in  cutis  attseriun,  is  duo.  On  dill'crent  parts  it  is  of  diAcrcnt  thickness,, 
Wing  thinncHt  whore  motion  has  to  be  proWded  for.  A  deposit  of  fatty 
malcrieLl,  loilgcd  Wnealli,  gives  it  a  yielding  support  lis  outer  surface 
presents  a  papillary  structure,  which  is  the  instrument  of  touch.  This  is 
more  perfectly  developed  on  the  inner  surface  of  the  palm  of  the  hand  and 
lingers.  The  fiirrowed  aspect  of  the  cutia  arises  from  this.  A  further 
consideration  of  the  mechanism  and  functions  of  the  papiUs  is  deferred  to 
the  description  of  the  sense  of  toucli. 

The  photographic  engraving,  ^Vy.  99,  represents  a  thin,  section  of  the 
epidermis  of  the  foot  of  the  dog. 

The  gcncrid  method  of  arrangement  of  Che  conatitacnt  portions  of  the 
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ikin  may  be  gatheretl  from  tlic  perpendicular  section  oi  tlifit  of  tho  ex- 
ternal auditorj-  meatus  in  -f?y.  100.  a^  the  dcnoa;  b,  rete  mucoaum; 
c,  horny  layer  of  epiderma ;  (/,  coil  of  ccnuninoua  glands ;  e,  tlieir  excre- 
tory ducts;  f,  their  apertures;  ff,  hair-sacs;  A,  sebaceous  glaiida;  i, 
masses  of  fat*     (Kolliker.) 

J^§.  101  shows  the  under  surface  of  the  cuticle  detached  by  macera- 
tion from  the  palm,  exbibiling  double  rows  of  depressions,  in  which  the 
papilla^  Jiave  been  lodged,  with  the  hard  epithelium  lining  the  audoripa- 
roas  ducts  in  their  course  through  the  cutis.  Some  of  them  are  con- 
torted at  the  eud,  where  they  have  entered  the  sweat  gland.  (Todd  aoJ 
Fir,,  ifii.  Bowman.) 

l^«i  ■'  riff.  102,  papillje    of  the 

palm,  the  cuticle  being  de- 
tached. (Todd  and  Bow- 
man.) 


^rAl 
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Fiff.  103,  surface  of  the 
ekin  of  the  palm,  showing  the 
ridges,  flirrows,  eross  grooves, 
and  oriticea  of  the  aweat- 
ducts.  The  scaly  texture  of 
the  cuticle  is  indicated  by  the 
irregular  lines  on  the  surface. 
(Todd  and  Bowman.) 
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The  Nails  constitute  one  of  the  appendages  ^^  t« 

of  the  epiderraa.  They  are  homy 
coverings  protecting  the  cstrcmitieB 
of  the  fingers  and  the  toes.  They  originate 
in  A  fold  of  the  cutis,  and  become  &ec  at  their 
Qflter  cxtMCflity.  The  nail  grows  from  its 
roots,  increasing  in  leugth.  and  simultaneously 
in  thickness.  Its  rate  of  growth  depends  upon 
the  general  rate  of  nutrition.  During  period§ 
of  Bickness  or  aherinence^  its  growth  in  both 
directions  is  retarded,  as  ia  indicated  by  a  mark 
or  impression  on  its  smfaccj  and  so  the  nail 
becomes  a  register  of  the  condition  of  nutririon 
during  the  period  of  its  own  existence     The 

thumb  nail  ia  aald  to  occupy  about  20  wceis  ^^''f?^<^'^^€^<''^'"^"^'*" 
in  its  growth  Irom  the  root  to  the  ejftremity ;  that  of  the  great  toe  about 
two  years — ^an  estimate  which  is  probably  too  long. 

The  Haib. — Each  hair  originates  in  a  flask-ahaped  follicle,  formed  by 
a  depression  of  the  cutis,  and  lined  by  a  continuation  of  the  cu- 
ticle, and,  like  it,  preaenting  scales  on  its  super6cies  and  round 
celta  beneath.  The  bottom  of  the  IbUicle  ia  the  place  of  origin.  The 
\mr  consists  of  two  port)OQ9,  the  outer  or  conical,  and  the  inner  or  me* 
Ucdhuy,  the  proportions  of  which  diSer  ^~ery  much  in  different  caaes.' 
The  stuface  of  the  hair  presents  a  layer  of  imbricated  scales,  within  which, 
at  the  lower  part,  are  minute  cells,  but  farther  ^m  the  root  the  cells  be^ 
come  larger  audi  begin  to  contwn  pigment,  the  coloring  matter  being  dis- 
tributed unequally,  sometimes  prodacing  n  tubular  appearance  in  the  axia. 
The  hair  grows  by  constant  prolongation  irom 
the  follicle,  its  color  being  due  to  a  pt^culiar  col- ' 
ored  oil ;  and  in  the  black  A'arieties,,  iron  predom- 
inates.    The  diameter  of  the  hairs  varies  from 

tU  ^^  TsVii  of  Ml  in<^ 

In  J^'iff.  104,  the  structure  of  the  root  of  a  hoii 
and  port  of  its  shaft  is  displayed.     Btilb  of  A- < 
email  black  hair  fn>m  tlic  scrotum,  seen  in  seo 
tion :  a,  basement  membrane  of  the  follicle ;  6, 
layer  of  epidermic  cells  rei=ting  upon  it,  and  be-. 
coming  more  scaly  as  they  approach  c,  a  layer  of ' 
imbricated  cells  forming  the  outer  lamina  or  cor- 
tex of  the  hair :  they  are  more  flattened  and  com- 
r    pressed  the  hi^er  they  are  traced  on  the  bulb. 
Within  the  cortex  is  the  proper  substance  of  the ' 
hair,  consisting,  nt  the  base,  where  it  rests  on 
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the  basement  merabranej  of  small  angular  cells,  acarcely  larger  than  tlieir 
Fi^-  "»■  nuclei.     At  d  these  cells  arc  more  bulkj^, 

and  the  bulb  consequently  thicker:  there 
is  niaO  pigment  developed  in  lliein ;  above 
d  tliej  ase-ume  a  decidedly  tihrons  char- 
acter, and  become  condensed ;  e,  n  mass  of 
cells  in  the  axis  of  the  liair,  much  loaded 
with  pigment.     (Todd  and  Bownian.) 

J^iff.  105  is  an  engraving  of  a  photo- 
graph of  a  transverae  section  of  human 
hair  from  the  head.  Tlie  outer  line 
shows  the  cortex ;  in  some  the  pigment- 
Sty  axis  is  seen  ;  in  moat,  however,  it  is 
absent. 

The  SimoRiPAHOus  Glakd.^  originate  in  depressions  of  the  cutis  or 
tissues  beneath,  occurring  in  some  parts,  as  in  the  asiUa,  -jhc  snrioripi- 
more  numerously  than  in  others.  They  consist  of  a  tube  rous  elands- 
wound  on  itself,  and  sometimea  dividing  in  convoluted  branches.  The 
knot  thus  arising  is  contained  in  a  cell,  the  wall  of  which  is  copiously 
supplied  with  blood-vessels :  the  duct  passes  through  the  superjacent  tis- 
sues. The  tube  is  formed  of  a  cylinder  of  basement  mem- 
brane lined  with  epillielium.  The  basement  membrane 
may  be  considered  to  be  derived  from  the  outer  eurfiice  of 
the  papilhc,  and  the  epithelium  is  an  external  projection  of 
the  cuticle.  The  duct,  on  its  passage  outward,  loses  its 
basement  membrane  as  it  escapes  between  tlie  papillffi-, 
and  it  haa  a  spiral  or  helical  aspect^  an  arrangement  prob- 
ably intended  to  keep  the  calibre  open.  It  is  estimated 
that  the  number  of  sudoriparous  glands  is  about  seven  mill- 
ions, and  the  total  length  of  titeir  tubing  about  28  miles. 

J'^jg.  106  19  a  sudoriparous  gland  hrom  the  palm  of  the 
band:  a,  a,  knot  of  tubes  witli  two  excretory  ducts,  b,  if, 
uniting  into  a  helical  canal,  which  perforates  the  epidermis 
at  c,  and  opens  on  its  euriace  at  d .'  the  gland  is  imbedded 
in  fat  vesicles  at  e,  6,  e,  e.  (Wagner.) 
The  Sebaceous  Glands  are  distributed  in  different 
?iidorip«iiQ»Biwid,  abundance  in  various  parts,  their  office  being  ti,„  B^i,jiceou» 

f tecs.  to  lubricate  the  hair,  to  keep  the  skin  in  a  Bex-  eiaiiis- 

ibie  condition,  and  avoid  the  inconveniences  of  friction.  Their  ducts 
open  either  into  the  hair  follicles  or  upon  the  cuticular  purthce ;  the  gland 
.;onaisting  of  basement  membrane  lined  with  epithelium,  the  cells  of 
which,  as  they  reach  maturity,  become  tilled  with  a  sebaceous  or  oily  ma- 
terial.    The  ear  glands  of  this  class  secrete  a  waxy  matter. 
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Such  being  the  construction  of  tKe  akin,  we  have  next  to  speak  of  ite 
action.  It  di»cliarges  a  double  Unction :  1st,  as  an  excreting,  and,  2d, 
as  an  absorbing  organ.  In  tEiis  respect  it  has  an  analogy  with  the  ma- 
cous  nienibratie,  which,  indeed,  i.s  a  reflection  or  eontiimatioT)  of  it. 

Of  the  excreting  action  of  the  skin.  The  skin  pennita  water,  salinr 
DUftwntkiQds  ^^^  fttt^ty  Bubstnncea,  to  escape  from  it  in  qiiantitipa  which 
ofpw^pirniig^Q.  differ  on  different  portions  of  its  surtace^  the  nature  of  the  se-j 
cretions  varying  to  meet  local  requirements.  In  the  examination  whici 
wo  are  now  entering  upon,  vrc  shall  speak  of  these  substances  aiid  their 
proportions  in  a  general  way,  overlooking,  for  the  time,  the  particular  va- 
riations. Yet  that  such  variations  exist  is  clear  on  the  most  euperficia] 
observation.  The  sweat  of  the  feet  differs  from  tiiat  of  the  general  aiuv 
tkcei  as,  again,  does  tliat  of  the  arrii-pita. 

It  has  been  uaiial  to  distinguisii  the  watery  tranaudation  into  two  por-J 
Quantity  of  tions,  that  which  escape:?  from  the  peti^pirator)*  ducts,  and 
water  threush  that  passing  through  the  surface  of  the  cutii-lc.  It  haa  even 
rrom  fiia  ducu  ^^^  ^^'^  ^hat  the  true  glandular  secretion  passing  from  thftj 
wnnparcd.  ducts  is  not  more  than  one  sixth  of  the  total  cutaneoua  es.- 
ndation ;  but  this,  1  believe,  la  ahogelher  erroneous.  When  we  recall' 
the  impermeable  nature  of  the  homy  and  dried  Bcalea  which  constitute  the 
outer  portion  of  the  cuticle,  and  that  these  are  constantly  conted  over  with 
an  oily  varnish  issuing  from  the  sebaceous  glands,  we  may  infer  that  the 
cutaneous  surface  between  tl  c  mouths  of  the  perspiratory  ducts  is  con- 
structed rather  for  the  hindrance  of  evaporation  than  for  its  promotion; 
and  lliough  the  oily  matter  with  which  the  skin  is  thus  imbued  i&  justly 
regardetl  as  having  for  one  of  its  functions  the  prevention  of  injury  from 
the  admiaaion  of  external  moisture,  it  must  be  etjually  cflectual  in  stop- 
ping the  escape  of  water  from  nitiiin.  The  tardy  manner  in  which  w»* 
ter  thus  escapes  is  illustrated  by  the  operation  of  blialora. 

Under  the  form  of  steam,  water  continually  escapes,  from  the  ekm.     It 
_  ,  ,   .        also,  on  certain  occa.^'ions,  issues  in  the  liquid  state  as  dropB 
jind  prnpira-  ot  fiwe-at.     To  ita  cscape  under  the  form  ot  steam  the  desig- , 
""*■  nation  of  exhalation  or  insensible  perspiration  ia  given ;  but  if 

tLndor  the  form  of  sweaty  t!ial  of  sensible  peraplration,. 

Of  Exhalation. — On  condensing  the  vapors  which  arise  from  the] 
skin,  they  are  found  to  consist  of  water  containing  a  little  acetate  of  am- 1 
inonia.  With  the  water  Iike%viee  escapes  carbonic  acid  gas.  With  a , 
view  of  ascertaining  the  weiglit  of  the  matters  tlms  lost,  Scguin  inclosed 
Fxueritncnu  himself  in  an  air-tight  bng,  the  mouth  of  which  was  gummed 
io*s«;rt*inihe  upon  his  facc  in  siicli  a  way  as  to  permit  the  Dcoeas  of  air  tO-i 
'MTf.rflnln*"  *''^  respiratory  organs.  He  then  determined  the  weight  ofj 
thntu^'h  tiif-  his  body  and  the  bag  together.  AfVer  several  hoote,  on  r^'j 
weighing,  he  asccrtamed  the  amount  of  loss  by  pulmonary 
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esiialatioa.  Then,  taking  off  the  air-tight  bag,  he  was  weighed  again, 
and  after  another  interval  once  mote.  The  difference  between  the  two 
last  weighings  is  the  amount  of  the  piilmoiiiiTy  and  cutaneouB  exlnilation 
together,  and  from  these  dala,  hy  a  simple  arithmetical  calculation,  the 
v^alue  of  eacli  may  be  determined.  By  these  experiments  it  appeared 
that  the  loss  hy  piUmonar}-  and  cutaneous  exhalation  together  is,  on  ati 
average,  eighteen  grains  per  minute,  of  which  sevtn  issue  from  tlie  lungti 
and  eleven  from  the  skin,  The  variable  action  of  the  slon  is,  however, 
well  illustrated  by  the  extreme  numbers  observed,  the  minimum  being 
eleven  grains,  and  the  maximum  thirty-two.  From  the  ex|jeriment8  of 
Valentin,  the  average  of  loss  through  the  ekin  ia  two  pounds  and  nearly 
half  an  ounce  a  day.  Segnhi's  cspcrimenta  would  make  it  two  pounds 
and  three  quarters.  It  has  been  sliown  in  Chapter  X.  that  r;^^^,  ^^  .^^^ 
the  action  of  the  stln  is  partly  meteorological :  the  amount  vBriniiknction 
of  water  passing  through  it  depends  on  tlie  dew-poiht,  the  °  '"  *  "■ 
atmospherie  terapeiature,  the  con  duel  ihiiity  and  perviousneaa  of  the  cloth- 
ing. Whatever  physical  circumstancca  promote  surface  evaporation  cor- 
respondingly promote  the  action  of  the  skin.  Moreover^  tlita  Tnenibran<' 
acta  vicarioualy  ^vith  the  kidneys,  and  this  not  only  aa  regarils  the  water, 
hnt  also  as  regards  the  solid  matter,  a  large  amount  of  which  is  thrown 
off  in  the  course  of  the  day. 

In  all  computations  of  the  quantity  of  water  eliminated  by  the  skin. 
it  should  not  be  overlooked  that  any  inclosing  barrier  or  bag  must  neccs- 
aarily  occasion  a  complete  alteration  in  tbe  conditions  under  which  the 
action  in  occurring.  On  the  whole,  it  is  perhaps  most  proljable  that  the 
ratio  of  t!ie  matters  expired  through  the  akin  and  those  expired  by  the 
lungs  is  as  9  to  5. 

Besides  the  water  secreted  by  the  audoriparou3  glands,  carbonic  acid 
and  nitrogen  escajje.  1'hcir  relative  proportion  ia  variable,  rrawspLp^tian 
and  seems  to  depend,  among  other  things,  upon  the  nature  of  **f  g*8e«. 
the  food,  the  carlxmic  acid  increasing  under  a  vegetable,  and  the  nitrogen 
under  an  ajiinial  diet.  From  tlie  experiments  of  Dr.  J.  C.  Draper,  above 
referred  to,  it  appears  that  the  absolute  amount  of  these  gases  is  influ- 
enced by  exercise. 

Of  pEnsr'iitATiON. — -Wlien  tlic  atmospheric  temperature  is  high,  and 
more  particiUarlj'  if  muscular  exertion  be  resorted  to,  the  lA^diento  df 
quantity  of  water  issuing  from  the  perspiratory  Anctn  is  90  P«"pi"'-i<"i' 
great  that  it  can  not  be  evaporated.  It  then  exudes  as  drops  of  sweat, 
which  become  mingled  with  the  oily  secretion  prepared  by  the  sebaceous 
glandi^.  From  this  coraniingling  it  is  scarcely  posHible  to  obtain  the 
sweat,  in  an  uncontamiuated  condition,  suitable  for  analysis,  or  even  to 
exclude  tiie  detritus  of  tlie  cuticle  itself.  In  a  thousand  parts  of  sweat 
there  are  from  five  to  twelve  and  a  half  pcirts  of  solid  material.     Thenard, 
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by  resorting  to  the  e:q^cnt  of  wearing  for  some  d*y^  »  daimel 
which  had  been  tboroughl^r  washed  in  distilled  water,  astxrtained. 
H  had  again  been  wasli'ed  in  distilled  water,  tliat  it  bad  become  iml 
witli  tlie  cidoride  of  sodiiuii,  acetic  acid,  phosphate  of  soda,  phosphate  of' 
lime,  oxide  of  iron,  aiid  on  atiima!  substance.     Berzelius  found  in  tbf 
sweat  of  the  forehead  chloride  of  sodium,  lactic  acid,  and  muriate  of  am-y 
monia.     Besides  ihe^te,  other  chemists  have  found  butync  acid,  the  cap-^ 
bonates  and  aulphatea  of  potash  and  Boda,  and  the  carbonate  of  Hme. 
That  Fweat  contains  suJphuj  is  proved  by  keeping  a  portion  of  it :  when 
putrefaction  ensues,  the  sulpliide  of  ammonium  ia  disengaged. 

Fonrcroy  first  detected  urea  in  perspiration,  an  observstton  snbec- 
quently  confirmed  by  Landerer  and  others.  That  the  skin  can,  nnder 
(KTtain  circumstances,  excrete  urea,  is  proved  by  the  interesting  fact  that 
this  subetancc  aomctimes  occurs  as  a  bluish  powdery  material  on  the 
bodies  of  those  who  ha*"c  died  from  cholera. 

tn  the  perspiration  formic  acid  also  exists,  and  in  certain  conditions 
O^cnrren™  of  '^^  discase,  03,  i'ov  iustancc,  intermittent,  it  occurs  in  consid- 
formie  Bcid  in  erablc  quantity.  Its  origin  may  be  from  lactic  acid,  which 
pewpiraton.  p^gpg  through  this  combination  in  gradually  proceeding  to 
iti  final  destruction  into  carbonic  acid  and  water.  It  has  been  aasaled 
that  the  increased  acidity  of  rheumatic  sweats  is  due  to  a  concentration 
from  evaporation. 

The  sudoriparous  glands  swrete  a  portion  of  fat,  as  Is  demonstrated  by 
Experiment  of  the  e.^perinient  of  Krause,  who  removed  from  the  (taim  of  the 
Krouse.  hand,  on  wliiuh  there  ore  no  sebaceous  glands,  loose  epithe- 

lial scales  and  fat  by  means  of  ether  and  friction,  and  then  placed  upon  a 
Rquaro  inch  of  it  several  tliickneases  of  filtering  paper,  which  was  kept 
m  contact  for  one  night,  and  properly  protected  externally.  The  paper 
yielded  to  the  action  of  ether  a  fatty  sabstance,  wliich  contained  marga- 
rine and  oil,  in  quantity  Bufficient  to  make  tissue  paper  translucent. 

But,  besides  the  saline  substances  thus  dissolved  in  water,  tlie  skin, 
SccreilnnoffBt  *hrough  the  action  of  its.  sebaceous  glands,  secretes  oleagin- 
■nd  nil  from  Qus  material.  The  nature  of  this  fatty  substance  differs  oa 
'"■^     ■  different  regions,  or  according  to  the  purposes  to  which  it  is 

to  be  applied.  Where  the  ducta  of  the  sebaceous  glands  open  into  the 
hair  follicles,  the  fat  is  of  a  liquid  or  oily  nature.  Sometimes  stearine 
and  inargarine,  sometimes  choleaterine  is  set  free.  Before  birth,  tlua  last 
substance  is  the  chief  constituent  of  the  vcrnix  caseosa,  coating  the  sur- 
face of  the  skin.  In  this  manner,  aometimea  the  saponifiabie  and  some- 
times the  non-saponitiablc  fats  or  lipoids  are  used. 

In  the  midst  of  these  complex  actions  a  veiy  important  principle  tnaj 
Double  ncHon  be  discemcd.     I  bave  spoken  of  the  double  action  of  the  ki< 
of  iiw  akin.      jjgy^  i^g,  mechanism  for  removing  aahne  solutions,  and  also 
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tJitit  for  cotnbuslible  material.  I  ha^'e  now  to  preaeiit  tho  skiii  under  the 
EumiG  aspect.  It  is  not  a  mere  analogy  that  exists  between  the  action  ol' 
these  organs  ;  the  occurrence  of  urea  and  of  the  salt  aubBtancea,  the  names 
of  ffhtch  have  been  e]H:ciJied  in  holh  secretions,  is  a  fact  of  the  utmoat  eig^ 
niiicance.  I  believe  that  the  sudorjparoua  glands  are  the  tiounterparts 
of  the  SIftlpighian  bodies,  and  the  sebaceous  glands,  in  their  function^  arc 
the  counterparts  of  the  urinilljroua  tubes.  Indeed,  this  double  action  is 
also  distinguished  in  the  case  of  the  mucous  membranes,  which  possess 
one  instruTnental  arrangement  for  the  transit  of  saline  solutions,  and  an- 
other for  that  of  fats.  And  suicc  the  skin,  the  miieous  [uembranc,  and 
the  great  glanda  connected  witii  it,  are  all  to  be  regarded  as  developments 
of  one  original  lissnc,  wa  should  ex]>ect  to  discover,  even  in  their  coneen- 
tration  or  specialization  of  function,  tlie  traces  of  their  original  and  com- 
mon property'.  Development  fakes  place  from  the  general  to  the  special : 
and  hence,  in  parts  which  have  arisen  from  the  same  primordial  struetiirc, 
though  they  may  be  cliaiged  with  the  accomplishment  of  functions  wliich, 
in  appearance,  differ  essentially,  there  may  be,  both  in  their  action  and 
in  their  construction,  the  traces  of  their  original  identity.  It  is  in  this 
manner  tliat  the  kidneys,  and  akin,  and  mucous  membrane,  possess  the 
property  of  acting  vicariously  for  one  another.  The  kidney  can  dls- 
clifirge  water  for  llie  akin,  or  the  skin  urea  for  the  kidney.  The  com- 
bustible matter,  knnivn  as  extractive  in  the  urine,  can  be  set  free  under 
diiuinisheii  renal  action  by  tEie  sebaceous  glands,  and  the  saline  solutions, 
eliminated  by  the  <.:onvoluted  tubing  of  the  tufts  of  Jlalpighi,  can  be  sel 
tree  by  the  convoluted  tubing  of  the  sudoriparous  glands.  In  connection 
with  the  views  1  am  here  impressing,  I  would  recall  the  structural  and 
functional  analogy  there  is  between  the  transuding  meehanistn  of  the 
kidney  and  the  transuding  mechanism  of  the  skin.  Both  arc  arrange- 
ments of  thin  convoluted  tubes,  and  the  same  may  be  remarked  as  re- 
gards the  elimination  of  combustible  material,  which  is  probably  accom- 
pbahcd  by  cell  action  in  the  uriniferouB  tubes,  and  again  by  ceil  action 
in  the  sebaceous  glands. 

Besides  exercisuig  the  functions  of  c:[halation  and  perspiration,  nu- 
merous facts  demonsh-ate  that  the  skin  exerts  an  abaorbent  Alsorptiouti^i 
action.  The  endermic  application  of  remetbal  agents  estab-  or™a'wnl 
lishes  tills  in  a  satisfactory  manner.  That  water  can  find  liijulils. 
access  in  tliis  way  is  shown  by  the  assuaging  of  the  tlnrst  which  may 
occur  on  taking  a  bath ;  nor  13  the  amount  insignificant,  since  it  may 
give  rise  to  a  considerable  increase  of  weight-  Thus  lizards,  which  have 
been  kept  in  a  dry  atmosphere,  and  thereby  sulFered  a  diminution,  recov- 
er their  original  weight  after  immersion  in  water;  nor  is  it  necessarj- 
that  the  whole  skin  should  be  brought  into  contact  with  that  liquid; 
the  same  result  is  obtained  if  merely  the  tail  and  hinder  p.irts  ate  im- 
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meraed.  GaBeoiis  aubstancea  also  find  entrance  through  the  Bkin.  If 
the  h&nd  be  put  into  a.  bclI-jar  containing  oxygen,  nitrogen,  or  carbooif 
Rcid  at  the  pneumatic  trough,  ahsoi'ption  of  those  gases  ensues.  Proba- 
bly it  is  a  standard  liinc-tion  of  the  skin  to  permit  a  partial  arterialization 
of  the  blood,  atmosp]jT.'ric  oxygen  being  exdianged  for  carbonic  add 
through  it,  an  action  the  residual  trace  of  the  community  of  function  be- 
tween tlic  akin  and  mucous  membrane.  lu  the  case  of  some  animals 
this  cutajieouB  respiration  ia  well  marked. 

jRecapitulating  now  the  more  important  actions  of  the  skinT  the  follow- 
.  ing  statement  may  be  made :  It  rcgiUates.,  to  a  certain  extent, 
■lie  functions  the  amount  of  water  in  tho  system,  disposing  of  it,  as  the  case 
0  uiB  10.  j^^y  ^^  either  as  sensible  or  insensible  transpiration.  The 
water  doubtless  maintains  its  liquid  condition  until  it  presents  itself  at 
the  mouths  of  the  sudoriparoua  ducts,  moistening  the  general  surface  of 
the  skin,  and  then  being  evaporated ;  or,  if  the  supply  be  greater  than 
can  be  thus  removed,  it  accumulatca  as  drops  of  Bweat.  There  appears 
to  be  no  BUbstantial  reason  for  believing  that  any  portion  of  water  traDr»> 
iides  directly  through  tlie  structure  of  the  cuticle,  since  the  scales  which 
compose  it  arc  of  an  impervious  and  almost  homy  nature,  and  their  in- 
terspaces are  fortifietl  gainst  any  such  leakage  by  the  oily  exudations 
nf  the  sebaceous  glands.  With  the  water  thua  presenting  on  the  surface 
iiro  nmny  compounds  which  are  also  eonstituenta  of  the  urinary  secre- 
tion. Among  these,  urea  may  be  particularly  pointed  out,  tlius  indicating 
u  similarity  of  instrumental  action  between  this  Organ  and  the  kidneys, 
and  this  is  fartht^r  substantiated  by  both  containing  prorisiona  for  the 
elimination  and  esca}.*  of  the  hydrocarbons;  but  besides  these  direct 
functions  there  arc  other  very  important  collateral  agencies  which  the 
nkin  exfrta,  and  particularly  as  a  regidator  of  temperature.  In  this  re- 
t-^KV-t  tilt)  action  is.  to  a  certain  extent,  mcteorokigic4iL  But  this  has  been 
prtivioHsly  treated  of  so  much  in  detail  that  it  is  unnecessary  lo  resume 
the  considmlion  of  it  now. 
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CHAPTER  Xra. 

OF  DECAY  AND  NUTHITION. 

O/Docay  1  LoM  of  W^ht  in  Stiin.'atian. — Tnteratitiat  Deaik. — Effect  of  AUatropiim, 

Of  Nictritiorc  i  Nutnlwa/or  Repair  and  Nvtritionfar  liaiwdedng,  iihstraltd  in  tht  cases  of  Fa! 

{Bid  Bone  rt«/rectivef^. 
Of  Fat  t  Iln  PKvf!anliei>,  morka  of  Oenarenr*,  and  Origin. — /aqviry  wfetfcr  AmmoU  evtrjbm 

Fat. — Artlfiaat  I-'rodaclion  of  it. — Ammali  both  coflect  it  and  mtiLe  iJ. — Ar<nmiiiiit!oa  of «'/ 

eiptarh  Nitragtaiiieri   Tinnm.  —  C^mdiiioag  of  the  FaUeiiiny  of  Antinalii.  —  tiamimiry  of  (hr 

Soarat,  Zhfxiifil,  nnd  miaimr  of  Bemovai  of  Fat. — lU  partiat  Ocidalions. — tiunitnaty  of  ita 

XJntM. — Niirogfrdztd  Nitlrilion. 
0/ Bone:  Tlus  Skeiettm.  ^ Sttvdttft  and  Chtmieal  (.hmpoaHiofi  ^  Bone. — Si»vcfa  ^afita  Cbn* 

slilarala. —  3TSe  I'rocaUi  of  OiliiiJiaiiiOn, — Eipcriuaata  on  the  (jTotath  of  Boniu — fufluoux  g/' 

Pk^irical  Ae/iBiaa  on  Danhprnail  and  NtOrition. 

OF  DECAY. 

TtlE  animal  mechanisin,  as  a  condition  of  its  activitjt  is  constantly 
giving  rise  to  wasted  products,  its  parts  in  succession  passing  Ept,o,jrHdp 
through  retrograde  metamorphosis  or  decay.  From  the  elab-  raeiamorptci. 
orate  organisation  which  ttey  have  maintained,  they  go  by 
degrees  through  a  descending  course,  which  brings  them  nearer  and 
nearer  to  the  inorganic  state.  Thus  the  fats,  falling  from  one  step  to  an- 
other, finally  emerge  from  the  system  as  carbonit:  acid  and  water,  and 
thus  the  complex  atom  of  proteia  degenerates  into  those  Bubstancea  and 
ammonia. 

To  this  steady  wasting  away  we  offer  no  resistance.  Having  no  in- 
terior principle  of  conservation,  the  organism  delivers  itself  UssrfweiRlit 
up  unreaistingly,  and,  if  its  necessary  supplies  be  withheld,  ™  swrv-Biion. 
very  soon  succumbs.  The  experiments  of  Chossat  show  that,  taking  the 
mean  of  forty-eight  cases,  including  rabbits,  Guijiea-pigs,  turtle-doves, 
pigeons,  hcna,  and  crows,  the  body  loses  39.7  per  cent,  of  its:  weight  be- 
fore death  by  starvation  ensues ;  that  mammals,  during  the  process  of 
inanition,  lose  daily  4.0  per  cent,  of  their  weight ;  and  birds,  as  indeed 
might  be  expected  from  their  higher  rate  of  respiration,  4.4  per  cent  It 
follows,  therefore,  that  sucli  animals,,  under  these  circumstances,  lose  one 
twenty-fourth  part  of  their  weight  per  diem  by  destruction  of  tissue,  a 
result  which  corresponds  with  that  of  Sdimidt's  experiments,  which  lead 
to  the  inference  that  the  daily  amount  of  properly-selected  food  which  an 
animal  requires  must  amount  at  least  to  one  twenty-third  of  its  bodily 
weight. 

That  the  functional  activity  of  a  part  implies  destruction  is  very  well 
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Tnteratitlal  death  and  retrograde  metamorphosis  imply  removal ;  but, 
besides  the  removak  of  wasted  nmteria],  on  nccoant  of  its  in-  NpuHiiun  for 
ability  to  be  any  longer  subservient  to  tlie  U9G3  of  the  econ-  ^f^onfoj'  '^' 
omy,  there  arc  also  subordinate  reraovals,  -n-hich  are  con-  molding, 
nected  with  the  Jieceesary  rtrnodd.ihji;  of  parts.  Tims,  during  the  growth 
of  the  skeleton,  bone  earth  is  translerrcd  from  one  point  to  another,  the 
oasoous  cavities  enlargcil  or  altered,  and  the  substance  taken  I'rom  them 
33  carried  to  other  points  where  it  is  needed.  Under  such  circumstances, 
tho  disappearing  j)art  is  not,  in  refdity,  giving  rise  to  useless  producta. 
Tlie  siihstance  thua  taken  from  the  position  it  occupied  ia  aa  valuable  as 
it  ever  was,  and  accordingly  it  is  employed  over  again. 

The  restoration  of  material  in  the  place  of  that  which  is  being  con- 
sumed for  use,  and  even  the  preservation  of  excesses  which  may  be  of 
value  at  a  future  time,  is  very  well  illustrated  by  the  deposit  of  fat  in  the 
adipose  tissue.  Transference  from  point  to  point  of  material  which  has 
undergone  no  deterioration  may  be  studied  in  the  history  of  the  growth 
juid  development  of  bone.  To  these  cases  in  succeesion  I  propose  to 
direct  attention. 

First.  Of  the  nae,  sources,  and  manner  of  deposit  of  tlip  fat. 

The  use  of  fat  in  the  animal  economy  doubtless  depends  on  its  hcat- 
njaking  power ;  for,  though  there  are  many  different  varieties  piivsiokcicBi 
of  this  substance,  solid  and  liquid,  they  are  all  characterized  "'"y^Jflsof"!- 
by  an  analogy  of  comjwsition,  all  containing  a  great  excess  of  unoxidized 
hydrogen.  Il  is,  indeed,  on  this  jjecnliarify  that  their  employment  in 
domestic  economy  dcpcnda.  They  are  idl  highly  combustible,  and  evolve 
so  much  heat  as  to  he  very  available  for  the  production  of  ttame. 

For  the  hotter  understanding  of  the  ftinctions  discharged  by  fatty  3ub- 
stances,  We  may  perhaps  profitably  offer  the  following  statement  of  their 
dtemical  relations. 

When  a  fat  or  oil  is  acted  upon  "by  an  alkali,  iti  contact  with  water  at 
ita  boiling-point,  decomposition  ensues,  a  fatty  acid  and  gly-  (.(,p^)^ 
cerine  being  disengaged,  and  the  acid,  uniting  with  the  alkali,  tuiimiiieiof 
gives  origin  to  a  soap.  During  this  action  no  oxygen  is  ab-  * ' 
sorbed,  but.  since  the  compounds  arising  present  an  increase  of  weight,  it 
ia  evident  that  there  has  been  an  assimilation  of  water.  In  view  of  these 
facts,  it  ia  therefore  inferred  that  tlie  oils  and  fats  are  composed  of  a  fatty 
acid  united  with  the  oxide  of  a  radical,  to  which  the  designation  of  lipyl 
has  been  given,  and  which,  when  it  is  displaced,  combining  with  water, 
gives  origin  to  glycerine. 

Glycerine,  which  m  a  substance  of  considerable  physiological  import- 
ance, ia  a  pale  yellow  Ur^iiidr  of  a  sweetish  taste,  and  attracting  moisture 
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from  the  aij.  If  fermented  in  a  large  quantity  of  water  with  yeast,  it  it 
converted  into  metacetonic  acid.  It  occurs  in  tlie  yolk  of  tlie  egg,  and 
also  in  the  fats  of  the  braiiu  By  gradual  oxiilaliun  it  can  give  rise  to 
lactic  acid. 

The  physical  properties  of  the  fata  depend,  for  the  raost  part,  on  the 
nature  of  tiieir  acids.  The  fata  derived  from  ajiimala  are  of  various  de- 
grees of  consisteney ;  they  arc  colorless  or  white»  ligiiter  tiian  water,  bad 
conductors  of  heat.  They  are  insoluble  in  water,  and  bnm,  in  the  pres- 
ence of  air,  into  carbonic  acid  and  water,  with  the  evolution  of  nmcli  hetit, 
IJy  the  action  of  certain  nitrogenized  fennents  they  may  be  separated  into 
their  acid  and  glycerine,  and  by  the  action  of  pancreatic  juice,  as  ex- 
plained previously,  may  be  brought  into  the  condition  of  an  emuUion. 
The  more  important  of  tlie  animal  fats  are  sfearine,  margarine,  and  oleine. 
PiBwoofMCdT^  They  are  inclosed  in  cells  accumulated  in  various  parts  of 
nnct,  of  fat.  the  system,  such  as  in  the  orbit  of  the  eye,  around  the  hearty 
and  among  the  mU3clc3  of  the  tkce,  under  tlie  cutis,  and  within  the  bones* 
In  morbid  states  they  sometimes  abound  in  the  kidneys,  liver,  and  spleen. 
They  are  also  disco^-cred  in  some  of  the  animal  fluids :  thug  they  commu- 
nicate to  the  cliyle  its  characteristic  property,  and  therefore  likewise  oc- 
cur in  the  blood.  In  their  relative  amount  llicy  vary  at  ditierent  perioda' 
of  life,  being  in  a  larger  proportion  in  childhood,  and  again  after  the  mid- 
lUe  ppriod.  Their  quantity  likewise  changes  with  physical  changes,  di- 
minishing, for  Instance,  after  continued  muscular  exertion,  and  alao  by 
long  exposure  to  cold. 

Though  the  onjount  of  fat  in  the  blood  varies  with  the  nature  of  the 
liutntityoffnt  food,  it  tan  not,  however,  be  increased,  in  a  state  of  health, 
Ln  ihi'  bWa.  beyond  a  certain  point,  owing  to  the  ijiahility  of  the  absorb- 
ents to  receive  more  than  a  definite  ijuantlty.  The  serum  of  arterial  con- 
tains less  fat  than  the  serum  of  venous  blood;  the  blood  of  women  more 
limn  thnt  of  men. 

The  manner  of  occurrence  of  fat  in 
organized  structures  is  twofold :  oft- 
en it  occurs  in  the  tree  state,  hut  also 
is  very  commonly  iudoaed  in  the  in- 
terior of  cells,  as  shown  in  /%,  107, 
wiitch  is  a  fat-cell,  a  being  the  adi- 
pose membrane,  and  &  the  nucileus, 

J*tg^  108,  adi]xijie  and  areolar  tissue:   a,  a,  fat- 
cells  ;  if,  h,  fibres  of  areolar  tissue. 

BespCctiiig  the  origin  of  the  fat  substances  in    t' 
Paw  uriae  from  plants  there  can  be  no  question.      Thr,v 
^Jwi^rll    arc  derived  from  the  decomposition  of    aju™  «,d  .«m,i«  , 
liming iberattf.  carbonic  acid  aud  water  by  those  organisms  under  the  iu"' 
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fluenee  of  the  rays  ef  the  sun.  It  is  interesting  to  remark  that  to  these 
same  binary  bodies  do  the  fats  return  after  accomplishitig  the  auccessive 
Bt3gt;9  ot"  their  iiiiciaiiiorphosis  in  the  economy  ot  auiiKals.  From  car- 
bonic acid  ami  ^vater  they  come ;  to  carbonic  acid  and  water  they  return. 
But  the  origin  ul'  the  tatty  substances  of  animals  is  by  no  means  so 

clear.     Oneof  the  <iuestions  which  have  been  debated  in  chem-  _       .     . 
'  .  Do  Qiiimau 

icaE  physiology  is,  Do  animals  collect  Ironi  their  food  all  the  cciik-ciorrab- 
fat  they  require,  or  have  they  the  power  of  making  it  for  them-  '"^"'*  *'" 
selves  f  In  tlie  preceding  chapter,  under  the  description  of  the  origin  of 
the  butter  of  milk,  wc  have,  in  part,  anticipated  tlje  facts  which  might 
here  he  prcattited.  lleferring,  therefore,  to  what  has  there  been  said,  it 
will  be  euflicicnt  now  to  admit  the  genei-al  conclusion  tliat  fats  Mid  oib 
very  abundantly  occur  in  plartts. 

liut  instances  are  not  wanting  which  show  that  from  other  eources 
than  the  vegetable  kingdom,  and  by  processes  very  different  to  those  ex- 
ecuted by  plants,  fats  may  be  made  from  aubfitancGS  in  whicli  they  did 
not  pre-exist.  Wc  select  some  of  these  which  have  been  otl'ered  by  chem- 
ists who  have  asserted  the  power  of  the  animal  system  for  such  a  form- 
ation of  fnt, 

Ist,  When  101  animal  body  la  buried  undei"  certain  circumstances,  it 
does  not  undergo  putrefaction,  but  changes  into  a  fatty  or  soapy  „  ^ . 
substance,  adipocixe.  Attention  wiis  first  directed  to  iIiIh  fact  BiaMccsonu 
on  the  occasion  of  exhuming  many  bodies  Irom  the  cemetery  '^'"'"^  ""*■ 
of  Innocents  in  Paris,  Those  which  lay  a  certain  depth  beneath  the 
ground  were  found  to  have  undergone  the  change  in  queation  ;  hut  that 
it  does,  not  altogether  depend  on  the  condition  of  the  earth  of  the  gi'ave, 
ais  respects  moisture  or  other  such  physical  state-,  I  have  myself  had  the 
opportunity  of  veritying  in  the  case  of  a  subject  which  had  been  buried 
for  nineteen  years,  and  which  was  disinterred  in  a  condition  of  {>erfect 
preservation,  so  far  as  exterior  appearance  went,  but  wliicli  had  been 
wholly  converted  into  adipocire.  Yet,  from  the  same  burying-groiind, 
many  oilier  Ijodiea  were  disinterred,  but  none  had  undergone  a  like  change. 

2d.  When  nitric  acid  is  made  to  act  on  tibrin  apparently  deprived  of 
its  fat,  an  oily  substance  is  disengi^ecL 

3d.  During  the  action  of  nitric  acid  on  starch,  in  the  preparation  of 
oxalic  acid,  a  like  effect  takes  place,  oily  matter  being  set  free. 

4th.  Aa  has  been  described  in  a  preceding  chapter,  butyric  acid  may  be 
prepared  from  sugar,  through  the  hiiluence  of  casein,  in  the  presence  of 
carbonate  of  lime. 

Though  the  converaion  of  olbumenotd  bodies  into  fat  haa  not  thus  far 
been  distinctly  accomplished  in  an  artificial  way,  no  doubt  p^  cr>n  of 
can  exist  that  it  is  poissiblo.     Indeed,  the  ■experiTnents  of  rairromaiiju- 
Qaain  and  Vurchow  respecting  the  origin  of  adipocire  have  ™^'""*'  ^f^^"- 
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led  dian  to  ngud  it  a*,  ai  al  ewob  to  aamt  i  ifcwi.  Brinp  fron  die 
alfaannnoiis  rniMiliriieini  <rf  the  i^Mclea  hta^  JammftmA  mto  £ttty  Mda 
jod  amiMBiaalailta.  Wagikcz,  Ddndeis,  Bni4iek  vBdodtin,  ban  ^- 
nned  manr  n^attlnf  ezpeniBcartv  m  tae  ^pai^il  tnanaoiafcioa  of 
TKrioiiA  bodicB,  **ct  as  pieces  iif  i  iia|^iiliiiii1  ■nwiaiii  i  ij  riHiiin  leaaes, 
ctc-r  in  the  tiMmiaaX cai'ilka  of  tbda.  Thiw  i  iliiiiwii  nlji  i  rii  efli  i  ■ 
time  beeooK  eoTdoped  io,  lad  m  sobk  caan  fcnaaalBi  ij,  &aj-  male- 
daL  Bat  that  tiiis  doea  not  anee  fion  metmmoKfkoaa  of  the  protein 
hoSf  inlrodnoed  wai  vifl  |Bimd  b^  tlie  last  afcagiro,  wlto  vm^loytid 
liieees  of  wood  and  t^  pUi  of  dder  with  theaUBeiesDh. 

Whatever,  tberdbrc,  ma^r  be  the  copd—iop  ainved  aX  on  the  cases 
The  tM»i»^*  }>aK  introdyced — whether,  dnni^  a  special  laetaicorphosb, 
i^btiathEir  mmcalar  tJMoe  can paag ialo a^odw ;  whetbor  iroai  £briii 
or  starch,  bjr  the  actioa  of  aitzie  aod.  &ts  maT  be  nwde,  or 
whether  these  anhBtonrea  ptp-eajsted  in  the  mlerial  froM  whkh  they  af>- 
peartoan8e,aiidareoal]r£ieaigagFdorBet6ee — Aae  caa  he  no  question 
aa  R;|aids  otie  great  gna^  of  antmabf  the  oumronkdiat  tbej  fi&d  la  tlieir 
fiMid  a  Bu&eitacf  of  these  hTdrocaihoBa  to  meet  all  their  wants.  It  tj 
at  respects  the  other  group,  the  hefbivoim,  that  this  qaestkm  of  the  arti- 
£dal  jbrrostioiti  of  fau  from  Anb^tancea  in  wludi  th^  ^d  not  pre-enEt, 
Da  tb  |lmU,  ""^  l^rtiCuJaH  V  fn>m  albompnoiJ  bodied,  becOIUcS  iutefE^t- 
•n  «*«  BftU  ing.  Do  ibe  bevUvora  find  in  their  Ibod  all  the  iat  thef  re- 
**  quirB,  or  aie  thejr  oUiged  to  fiibcicate  a  part? 

The  question  whether  thi^e  exists  in  the  animal  ——*■**■—"  a  capabil- 
rii»MiiMi  of  ity  of  forming  fat  from  material  in  which  it  did  not  pre-exist 
tat  hj  bMk.  jjjay.  \j^  considtred  as  finally  settled  in  the  affirmatiTC,  after 
(Bttch  diACtusion,  by  the  repetition  of  Gond^ch's  experiment  by  Ihimas 
■od  JdiiDe  Edwards.  IIum  cxperitrtent  c>:>n$isted  in  the  feeding  ot'  bees 
with  honey  nearly  free  from  wax,  aud  detenninii^  the  quantity  of  £it  in 
their  bodies  st  the  banning  and  end  of  the  expennMnt,  and  also  the 
■pmnli'y  of  wax  in  the  comb  that  they  made.  The  following  table  gires 
ihenaolt: 

Qnumt. 

FMf™«i4Hi  chehody  of  eac-h  bee  U  tli«  begijiiung 0JWI8 

Wax  ekcti  bee  coiuniiu«(l  «rich  cLe  liotieT,  oat  exceeAng- AOOOS 

Wlwle  imunil  of  Eat  derired  bma  fuod .tLOtOM 

Wax  Mereted  hm  each  be« ^ OJMW 

Fkt  sndwax  in  tbc  bodj  of  each  bee  at  end  of  expcrintenl O.0OU 

From  which  it  &ppe«?  that  a  very  large  quantity  of  fat  and  wax  bul 
b«en  produced. 

Admitting  thus  that  the  animal  si.'steni  possesses  the  power  of  form- 
Thwnaun  '"S  ^"^  '*  '^  probable  that,  ander  all  circumstancea,  it  carries 
ooBifauMUx  forward  that  function,  tbongh  it  may  be  at  different  rahK  on 
•■*""'"        different  occaeions^     Soch  a  production  of  tat  probably  com- 
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menees  in  the  inteBtiual  tube,  the  material  from  wliicb  it  origuiateB  being 
both  nitTogcnized  and  non-nitrogenized.  Tliua,  when  ducks  have  been 
fed  on  albumen  containing  but  little  tkt,  the  digested  material  in  the  in- 
testine yields  a  larger  proportion  of  fat  than  Trhen  they  have  been  ted  ou 
clay,  or  even  on  etarcb,  II"  the  glanda  of  the  intestine  secreted  fat  from 
the  blood,  it  would  be  detected  after  feeding  the  birds  with  clay,  and 
iiencc  we  may  conclude  tliat  the  source  of  the  increase  observed  is  from 
the  albuincu. 

But,  in  addition  to  the  part  they  thus  make,  n.  large  portion  of  the  fat 
of  animals  is  undoubtndly  obtained  from  the  food.  Thia  ia  obviously  the 
case  with  carnivora,  and  the  same  may,  indeedj  be  said  of  the  herbivora. 
Very  many  of  the  oleaginous  bodies  have  a  close  chemical  relationship 
to  one  another,  so  that  they  may  be  rfgarded  aa  aflbrding'  a  scirics,  the 
terms  or  members  of  which  arise  from  successive  partial  oxidations ; 
and  since  the  fats  are  Kolable  ia  one  anothct,  they  freely  mix  together, 
and  therefore  many  of  them  may  be  found  co-e:tiflting  in  the  adipose  tia- 
sneB,  Bome  of  them  less  and  gome  of  them  more  advanced  in  their  prog- 
ress of  oxidation.  Whether  tlicy  have  been  derived  from  rumtefurnuh 
the  food  or  by  indirect  processes  made  in  the  eystem,  it  is  faio"'tiioin«w. 

■      ,       ,     -  t     -  -  rmlafrom 

equally  true  in  both  instances  that  ttieir  primary  source  was  which  it  u 
in  the  vegetable  kingdom.  In  the  former  case  they  occur-  '°"*'S' 
red  in  the  plant-structure  as  hydrocarbons,  in  the  latter  as  amylaceous 
ur  nitrogenized  bodies.  Under  the  influence  of  the  sunlight  the  vegeta- 
bie  tissues  obtain  them  by  decomposing  carbonic  acid  and  water,  and  to 
those  two  aubstances  they  return  after  they  have  undergone  destruction 
in  tlie  animal  organs,  thus  presenting  a  signilicant  instance  of  the  alter- 
nate passage  of  atoms  from  the  inorganic  to  tha  organic  stat^,  and  back 
again. 

The  prinmry  source  of  all  fat  substances  is  therefore  in  plants^  which 
obtain  them  from  the  decomposition  of  the  inorganic  constituents  of  the 
air.  The  excess  of  hydrogen  whieh  characteriKea  this  group  of  bodies  in 
most  instances  is  undoubtedly  derived  from  the  decomposition  of  water, 
and  this  explains  the  fact,  frequently  noticed,  that  t!ie  development  of 
such  hydrocarbons  in  plants  is  often  accompanied  by  the  sitnultancoos 
appearance  of  acida,  for  the  hydrogen  being  appropriated  by  the  fbrmer 
class,  the  residual  oxygen  gives  origin  to  acids  or  is  set  free. 

The  quantity  of  fatty  matter  formed  in  the  ordinary  articles  of  food 
used  by  domestic  animals  Eccms  to  be  amply  sufficient  to  QmAniityoffEt 
meet  all  their  want.'^.  If  a  calculation  be  made  of  the  amount  '"  f'",""  ""t^' 
of  auch  materials  consumed  by  cattle  during  the  process  of  mala. 
fattening,  it  wUl  be  ascertained  that  the  quantity  used  not  only  contains 
su:fficient  to  account  for  the  increase  of  weight,  but  also  furnishca  an  am- 
ple supply  for  the  portion  which  ia  destroyed  by  respiration.     The  fats 
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thua  contained  in  plantB  are  offen  absorbetl  with  but  little  alteration. 
Tlie  (atfoiiing  of  cattle  with  linsecd-cake  gives  rise  to  an  accumulation 
in  their  adipose  tiasiies  of  an  oily  material  of  unusual  fluidity,  and  it  is 
a  luatter  of  common  obsexvation,  as  previously  mentiouud,  tluit  when 
stroll ji:-Knielliiig  oiis  have  Leen  accidentally  used,  their  flavor  will  be  im- 
parted to  tlic  seurction  of  the  mammary  gland. 

The  quantity  of  fat  hi  articles  of  food  is  commonly  estimated  by  the 
solvent  action  of  aulphuric  ether.  It  sliould,  however,  be  understood 
that  we  can  not  Tvith  correctness  regard  all  the  mattera  extracted  by  that 
tnanstrumg]  (roin  plants  as  fat. 

Thus,  cither  by  forming  or  by  collecting  ftom  the  food,  a  supply  of  fat 
Tho  areuiiiula-  is  obtained,  and  this  is  absorbed  by  the  lacteal  system  in  the 
Qni"rpr  ni^ro-"^^  manner  already  described.  But  where  fat  is  admhiJateTed 
geiiized  dssuu,  in  exoess,  SO  that  large  quantities  of  it  are  retained  in  the 
eystenu  a  proportionate  ce.ll  formation  arises  for  the  ]iiirpo3e  of  aHbrding 
it  a  receptacle.  The  walls  of  such  cells  are  composefl  of  nitrogcnizcd 
material,  and  heroin  is  displayed  the  connection  between  the  two  groups 
of  bodies,  the  albumenoid  substance  and  the  fats.  There  is  reason  to 
suppose  that  when,  from  the  food,  a  sufljcieut  quantity  of  nittOgenixed 
material  for  tliis  purpose  can  not  be  obtained,  resort  is  actually  hud  to 
the  niuactdar  fibre  of  the  .eystcm  itself,  but  when  this  also  fails  the  fat 
accumulatea  in  the  blood. 

In  the  artiticial  fattening  of  animals,  the  indications  to  be  complied 
ijenerai  coniii-  with  are  vcry  obvious :  They  arc,  Ist.  To  funuah  an  abund- 
riuflninl-ofaii-  ""^  s^PP^y  of  olcaginons  material  in  the  food;  2d.  To  pre- 
imuls.  vent,  as  tar  as  possible,  waste  by  oxidation. 

The  first  indication  is  satisfied  by  the  purposc-d  employment  of  oleag- 
inous articles,  as,  for  Instance,  linseed-cake,  or  by  the  selection,  among 
ordinary  food  substanMS,  of  those  which,  hke  Indian  com,  abound  in  oil. 
It  is  to  be  remarked  that  the  increase  of  weight  of  an  animal  may  take 
place  in  two  wavs  :  1ft,  By  adding  fat  to  the  deposit  in  the  adipose  tis- 
sues ;  or,  2d.  By  development  of  the  muscles.  It  might  perhaps  be  ad- 
missible to  s|X:ak  of  the  former  as  adipose  fattening,  the  latter  as  albu- 
menized.  According  as  it  has  been  subjected  to  one  or  other  of  these 
prorasBCS,  an  animal  will  be  very  diflerently  prepared  tor  undergoing  se- 
vere esercise.  A  horse  fed  with  Indian  com  can  not,  under  those  cir- 
cnmatances,  maintain  himself  aa  well  as  if  he  had  been  fed  on  oats.  In 
the  former  case  his  adipose  tisanes  have  been  developed,  in  the  latter  his 
muscular. 

The  second  indication  is  met  by  re-sorting  to  every  expedient  which ' 
can  restrain  the  action  of  the  respired  oxygen.     A  state  of  perfect  qntea- 
cence  ka  therefore  to  he  observed.     Muscular  movement  of  ev«j^-  kind  in- 
creases the  activity  of  respiration,     On  the  contrary,  rest  diminishes  iU 
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H  in  addition  to  this  state  of  quiet  or  rest,  sleep  likewiae  be  indulged  in» 
the  object  is  still  more  pcrfcelly  attained  ;  and  if  a  higli  temperature  be 

resorted  to,  since  this  checks  the  oxidation  needt'iJ  for  maintaining  the 
system  at  its  due  tempei'aturc,  this  alao  diminishes  the  waste  ol'  the  fat. 
Under  such  circ«in.ii*ta,ticea,  where  every  tiling  Is  done  to  give  a  supply 
of  fat,  ami  every  tiling  to  prevent  Us  consumption,  it  may  be  caused  to 
accumulate  in  the  tissues  to  an  extraordinary  amount.     But  „,    ,.        _ 

_  •'  The  li  vor  affecl- 

thia  very  soon  interferes  with  the  action  of  the  liver,  one  of  ed  in  ibai  apor- 
the  functions  of  which  we  liave  seen  is  tiie  preparation  of  fat.  "^'"'' 
And  it  may  alao  be  rcmarlicd  that  many  of  the  diseases  of  that  organ, 
especially  those  occurring  in  hot  climates,  meet  lliqir  expLination  on  the 
principles  wc  are  here  inculcalLng,  the  sta,tc  of  rest  produced  by  lassitude, 
the  wann  and  therefore  expanded  air  that  is  breathed,  and  the  improper 
resort  to  oleaginous  articles  of  food. 

In  view  of  the  preceding  facts,  it  may  therefore  be  concluded  that  the 
interior  source  from  whieh  the  adipose  tissnea  arc  supplied  ^  .  . 

is  the  fat  contained  in  the  plasma  of  the  blood,  into  which  it  thi-  Mmreei, 
has  been  poured  tlirough  the  thoracic  duct,  or  othcrwiae  oh-  ^^""laamM- 
taincd  from  the  digestion  of  food  in  the  flmall  iiiteatiriE ;  and  "^r  <•(  removal 
since  tlie  blood-c!(Jis  contain  a  higher  percentage  of  oily  ma- 
terial than  the  plasma  (2.2  per  cejit,  may  be  extracted  from  them  'by  ether, 
cither  as  a  pliospliorized  fat  or  glycero-phospliorie  acid),  they  constitute 
reservoirs  of  supply  to  meet  the  exigeociea  of  the  Hyatem,  there  being  a 
necessary  relation  between  the  quantity  they  can  thus  retain  in  store 
and  the  quantity  contemporaneously  existing  in  the  plasma,  a  diminution 
of  which  at  once  establi-^hea  a  drain  upon  the  cells.  Tims  charged  with 
these  hydrocarbons,  the  plasma  passes  wherever  there  are  adipose  cell- 
germs,  furnj-'shing  to  them  the  special  nnlrimcnt  they  require  for  their 
development  into  fat-cells,  the  wall  and  nucleus  of  which  are  derived  from 
the  blood,  or,  as  we  have  mentioned,  in  certain  cases  actually  from  the 
muscular  tissues.  The  amount  of  fat  which  can  tJms  be  held  in  reserve 
depends  in  part  on  the  number  of  genua,  in  part  on  the  aiipply  of  fat 
from  the  digestive  organs,  and  in  part  on  the  supply  of  appropriate  ma- 
terial for  the  walls  and  nuclei. 

When  the  fitt  thus  stored  up  is  wanted,  the  cell  wall  in  many  cases 
dcliqucaces  or  wastes  away,  surrendering  its  contents  back  to  the  plasma, 
but  probably  much  more  frequently  a  transudation  of  the  hydrocarbon 
takes  place  through  it,  analogous  to  wliat  has  been  described  as  occur- 
ring in  tJic  blood-celln  themselves.  This  demand  upon  Uie  adipose  tis- 
sues may  originate  for  many  reasona,  since  there  may  be  u  necessity  for 
fat  in  the  aeeompHshment  of  the  various  histogenetic  operations  going 
forward,  or  for  those  of  retrograde  metamorphosis,  or  for  the  maintenance 
of  a  normal  state  of  the  blood  aS'  respects  its  oleaginous  ingredient,  or  for 
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the  production  of  heat  by  immediate  and  tinal  oxidation  into  carbonic 
ncid  and  water. 

It  is  not  to  be  supposed,  however,  that  this  final  oxidation  into  car- 
Fntauniipfpa  bonic  acid  aiid  water  idwaya  takes  place  at  once  or  abrupt- 
tbtl!'£Q''ih^e'"  ^y*  Every  thing  shows  that  llita  pass  through  BucceBaiv<' 
system.  gradations  of  retrti^rade  Tncfaniornhoais,  perhaps  gradually 

losing  by  oxidation  two  atoms  ol"  carbon  and  liydrogcn ;  and,  indcrd, 
there  la  reason  to  believe  that,  on  special  occasions,  tlie  opposite  changes 
happen.  Thus  Htearic  acid  may  arise  fi-om  margaric  acid  by  deoxidation. 
It  docs  not  occur  to  any  considerable  extent  in  vegatable  food,  having 
thus  far  been  only  found  in  cacao  butter. 

Li  a  Buminary  of  the  iiees  of  fatty  siibatancea  may  bo  mentioned  the 
Summary  of  production  of  a  high  temperature  by  oxidation  ;  tiieir  agency 
ihe  11M3  of  fat.  jjj  metamorphosis,  as  displayed  by  the  aasiatance  they  lend 
in  gastric  digestion ;  the  function  tliey  seem  to  discharge  In  cell  life, 
which  wotdd  appear  to  be  important  if  it  bo  true  that  the  nucki  of  some 
cells  are  composed  of  fat ;  t!»eir  reUtion  in  the  formation  of  bile,  and  their 
probable  connection  vdtii  the  production  of  ha-matinr  Among  their  phys- 
ical uses  may  be  mentioned  the  equable  manner  in  which  tlicy  propagate 
pressures  in  all  directions  when  they  are  in  the  liquid  state,  as  is  often 
the  case ;  the  manner  in  which  they  till  up  vacuities,  and  communicate  a 
roundness  and  solidity  to  the  system ;  their  low  conducting  power  as 
rcapecta  hciit,  which  enables  thcni  to  economize  the  wnnnth  of  the  boi^y ; 
their  diminiahing  cf  friction  among  moving  parta,  a?  in  the  Cage  of  the 
mnsclea;  and  that  they  discharge  some  highly  important  function  as 
respects  the  nervous  system  is  proved  by  the  manner  in  which  they 
uniformly  occur  in  tubular  ner\'ous  tissue.  In  the  general  metamorph-] 
osea  of  the  aystem  they  aeera  to  take  an  important  part.  This  may 
be  inferred  from  the  fact  of  their  presence  wherever  cells  or  tibrcs  arc 
forming. 

From  what  has  been  gaid  respecting  the  connection  of  the  fats  with 
the  metaniorj>hoac3  of  the  sj'stem,  it  is  obviously  incoiroct  to  regard  them 
as  constituting  a  purely  respiratory  element. 

Conclusions  similar  to  those  which  IiaTe  been  stated  respecting  the 
Xairition  or  ^^g^'t^hlc  source  of  the  fats  might  also  be  arrived  at  as  re- 
ibe  niiToirea-  gards  the  source  of  the  nitrogenized  constituents  of  the  sya- 
120  tissues,  j^^^  These  likewise  are  found  in  plants;  and  thus,  therefore, 
though  the  carnivorous  animal  may  be  said  to  be  nourished  by  the  car- 
cass on  which  it  feeds,  it  is  nevertheless  strictly  truei  that  its  nutrient 
material  la  all  from  the  vegetahle  worhb 

The  repair  of  muscles,  of  nerves,  of  the  skin,  or  other  such  highly  or^ 
ganizcd  parts,  18  dependent  on  the  agency  of  cells.     Since  these  are  iin-' 
dlstinguitihable,  or  to  all  appearance  perfectly  alike,  it  becomes  a  loatter 
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of  curious  inquiry  how  they  should  be  atle  to  occupy  exactly  the  places 
and  discharge  with  pi^cJaion  tlie  functions  of  those  which  they  are  re- 
placing? or,  in  the  case  ol'  growth  and  dcvdopnient,  why  they  should 
combine  ao  as  to  take  on  a  determinate,  and,  as  it  were,  predestined  form  V 
How  ia  it  that  such  a  variety  of  etructiacs  spring  up  from  the  same  orig- 
inal cellV  IIow  is  it  that  tiie  two  halves  of  tlie  body  have  such  a  ayin- 
nietrical  conformation  in  a  miijority  of  instances,  the  oue  being  the  exact 
counterpart  of  the  other,  peculiarities  which  are  often  continued  e\'e)i 
after  the  supervening  of  morbid  conditions,  as  shown  iu  such  cases  as 
are  known  by  the  term  of  symmetrical  di^^iiscs..  in  which  a  structural 
change  affecting  one  side  of  the  body  aflects  also  the  coTrespoudinig  part 
of  the  other  Bide?  It  appears  to  me  tliat  these  and  other  such  in;^tanccs 
of  nutrition,  growth,  and  develo]nncnt  can  only  be  ejiplained  by  admit- 
ting, as  a  great  and  fundamental  pinociple  in  phyatology,  that  the  primor- 
dial germ  being  in  all  instances  alike^  its  mode  of  development  will  de- 
pend on  the  physical  agents  and  conditions  to  which  it  is  exposed :  a 
principle  whic!i,  though  it  may  seem  of  little  moment  at  tlic  tirst  view, 
carries  with  it  consequences  of  the  utmost  importance  at  last. 

Second.  Of  the  structure  and  development  of  bone. 

The  skeleton  in  man  is  composed  of  24(3  bones,  which  axe  usually  di- 
vided into  three  groups,  the  long,  flat,  and  irregular.     Their 
uBCfl  arc  purely  meclianical,  such  as  to  give  support  to  the 
soft  parts  ;  to  serve  as  levers  on  wliich  the  muscles,  by  their  contractions, 
may  act. 

In  structure  bone  offett}  an  imperfect  division  into  the  compact  and 
3pongj%  The  compact  Is,  howeva",  a  porous  mass  fidl  of  cclla  sifueiure  oi 
and  passages.  Tlirough  it  there  pass,  more  particularly  in  *"""■ 
the  longitudinal  direction,  canals  for  containing  blood-vessels  and  nerves : 
they  arc  called  haversian  canals.  These,  which  are  ^\ell  seen  in  a  thin 
transverse  section  of  bone  as  irregular  circular  openings,  ai'e  surrounded 
with  lamelljp,  and  in  the  basis  substance  occur  hollow  spaces,  the  lacuna', 
whichf  presenting  a  dark  aspect,  were  formerly  mistaken  for  solid  corpus- 
clc8;  they  are,  however,  cavities  from  which  proceed  minute  cliannels  or 
canalicuU.  In  fonn  the  lacunar  are  irregularly  oval ;  the  canaUculi  ot' 
those  nearest  to  the  haversian  canal  comnnmicate  directly  witli  its  cav- 
ity, and  there  is  bo  complete  an  inosculation  between  adjacent  lacuna, 
by  means  of  these  delicate  tubes,  that  the  whole  so-called  compact  struc- 
lure  of  the  bone  may  be  said  to  present  a  connected  system  of  lacuna' 
and  canaliculi. 

The  diameter  of  these  delicate  channels  of  intercommanicatiou  is  much 
too  smnll  to  permit  the  passage  of  blood-cellg,  yet  through  thera  the 
plasma  readily  linda  its  way  and  tJius  carriea  forward  tlie  nutrition  of 
llip  enlire  lone. 
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Fi(f.  109  is  a  photograph  of  a  Iransverse  section  of  part  of  human  fe- 
mur, showing  the  haversian  catiale  suiTounded  by  theit  concentric  lamei- 
la\  lacunas  and  caiialiculi.     The  complete  pervionsness  of  the  stnictuit 

is  demonstrated. 

Fi.1.  iflu.  Fit.  iia 


^y-s: 


^•^ 


£■■--->  --^ 


Fig,  110,  lacuua^  and  canaliculi  of  human  frontal  Ixine. 

In  chemical  coTiatitution,  bone  may  "be  considered  to  "be  comfiosed  of 
Cbemiul  com-  ^"^^  jJOTtions,  organic  and  mineral :  the  former  is  gluten,  and 
pwitioB  of  in  the  latter  phosphate  of  lime  greatly  predominates,  as  the 
following  analysis  by  Berzclius  siiowa  : 

Anaijins  a/  Bone,     (  Btrselw.') 

Cartilnpc  (or  gluten) 32.17 

BIotitl-vfcSHfch 1.13 

Pluisphulc  of  lime... - SK04 

Oarbun&tc  or  litne 11.30 

Fluoride  of  calcium S.O0 

fhosphate  orma^esiu , ,.  1.16 

SudH,  chluride  of  BodiuiD 1.20 

Toooo 

An  instnictive  aeparation  of  bone  into  its  leading  const  ituent."!  maybe 
Sen«r«iii>n  of  accompliBhed  by  the  action  of  hydrochloric  acid  or  by  cal- 
iimr^nnicBTid  ciiialiDn  TCBpectively-  ^\nien  a  hone  is  soaked  in  dilute  hy- 
M  ■  "^'  drocliloric.  acid  for  a  due  length  of  time,  its  mineral  constitu- 
ent is  removed,  and  tJie  organic  gluten  is  left  in  the  shape  of  the  ori^nal 
bone ;  or,  if  the  bone  be  calcined  in  the  open  fire  with  free  access  of  air, 
the  organic  niatenal  is  conaumed  and  the  mineral  material  remains.  A 
more  critical  examination  shows  that  these  constituents  are  not  merely 
associated  togetlicr— they  are,  in  reality,  chemically  combined. 

The  different  dtegrees  of  softness  and  hardness  wiiich  bones  from  dif- 
ferent animals  present  depend  very  considerably  on  the  amount  of  wa- 
ter they  contain.     The  gluten  is  doubtless,  in  all  instances,  derived  from 
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the  metamorplioBia  of  albumenoid  bodies,  a  conclusion  which  _  .  ,  ,  , 
13  well  illustrated  by  what  wc  observe  in  ihc  caae  of  the  in-  orgcnii:  ami 
cubatiiig  ('gg..  In  the  adult  the  aouTRe  of  the  bone-earth  is  ^*"  ^  uistier, 
twofold '.  in  part  it  is  derived  from  the  food,  and  in  part  obtained  from 
the  temqdcliiig  and  changes  of  the  bones  tiiemselves.  In  apcuking  of 
the  composition  of  miJk,  we  have  already  described  how,  througli  i]w  ca- 
sein of  that  secretion,  a  supply  of  phosphate  of  linm  is  secured  tor  in- 
fant life. 

At  its  first  formatian.lwne  consifits  of  a  gplatinoiis  material,  which  grad- 
ually becomes  condensed  and  cellular,  prcBcnting  ivhat  is  termed  tlie  carti- 
laginoua  state.  In  this  material  vascular  canals  nriae,  ivhiclu  f],^  process  of 
concentrating  toward  one  spot,  give  origin  to  the  jwint  or  •"•"iiiiaUuu. 
centre  of  ossification.  Simult;meousIy,  the  Htmcturc  of  the  cartilage  he- 
oomes  modified,  its  nucleated  cells  arc  elongated,  nucleoli  arising^  and 
Braaller  cells  forming.  These  reach  maturity,  and  are  separated  from 
one  another  by  the  material  derived  from  the  deliquescence  of  their  pa- 
rent cells,  which  haa  eimultaneously  been  taking  place.  The  progrcda  of 
thejy;  changes  may  be  studied  by  examining  the  calcifying  cartilage  near- 
er and  nearer  to  the  point  of  ossification,  to  wliich,  as  we  approach,  we 
Hnd  that  the  cells  become  more  and  more  numerous,  a  general  arrange- 
ment into  a  columnar  form  being  now  apparent. 

The  deposit  of  mineral  material  commences  at  the  point  of  ossification, 
and  proceeds  between  the  columnar  arrangement  of  cells,  lateral  branch- 
es between  the  individual  cells  being  successively  given  oft',  a  bony  net- 
work thus  arising  which  is  pervious  in  every  part.  In  the  human  em- 
bryo the  cartilaginoua  stage  is  completed  in  the  sixth  week,  and  ossifi- 
cation commences  first  in  the  clavicle  during  the  seventh. 

-Ff-ff.  Ill,  perpendicular  section  of  the  ossifying 
border  of  the  shaft  ofthcfemiu:  ofa  child  a  fortnight 
old:  Oy  cartilage  in  which  the  cells,  the  neari^  they 
are  to  the  OBsifying  border,  are  in  more  extended 
longitudinal  rows;  A,  ossifying  border:  the  dark 
streaks  indicate  the  progressive  ossificdtion  of  the 
intercellular  substance,  the  clear  ones  the  cartilage 
cells,  whieli  ossify  subsequently ;  c,  compact  layer 
of  bone  near  the  ofisilying  border ;  rf,  the  substantia 
spongiosa  formed  in  the  osseous  substance  by  ab- 
sorption, with  cancelli,  e,  e,  the  contents  of  which  arc 
not  shown.     (KoUiker.) 

^ig.  113,  photograph  of  ossifying  cartilage,  the 
dark  portions  showing  the  region  of  complete  ossifi- 
tation.     The  columnar  arnmgemeiit  of  the  cartilage 
cells  IB  very  apparent. 
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^Mfjrlivg  cutUoHv,  mnipilGcd  M  dliuneUin. 

I^'rf.  113,  femur  of  ft  cliiki  a  fortniglit  old,  natu- 
ral siKe:  a,  substantia  compacta  of  the  sliaft;  ^' 
intiliilliiry  cavity;  c,  Bubstautia  spongiosa  of  tli* 
flhaft;  d,  L-artilaginous  epipliyaisj  with  vascular  ca- 
niila;  <■»  oaacous  nucleus  in  the  Inferior  epjphyaip. 
( Kollikpr.) 

When  flilvor  rings  are  placed  upon  the  shaft  of 
(jnwih  nr  a  growing  bone  at  a  measured  dis- 
Inro/riri'^rand  *^"C<L',  subewjuent  examination  shows 
nwiMor.  that  that  distance    still   remains  the 

ftamo,  thon^ffli  the  Iwne  may  have  bet^onie  much 
longer.  If  such  ii  ring  be  jwmiittcd  to  rtuiain  a  sufficient  period  of  lima.. 
it  will  eveuluftJly  be  found  in  the  interior  of  the  bone.  When  madder 
ti)  mixod  with  the  food  of  pigs,  its  coloring  matter  so  unites  with  the 
[ihosphjiU'  yf  lime  of  their  bones  as  to  impart  to  them  a  red  tfnt.  If  tlie 
nuiiniil  aubiiiillcd  to  the  ej£pcriment  be  very  young,  the  whole  skeleton 
may  \m  tinged  in  u  single  day,  a  more  cloee  examination  sJiowing,  how-' 
I'vcr,  aa  nilgitt  be  exjiected,  (hat  the  portion  most  completely  acted  upon' 
\h  that  niuirest  to  the  vascular  surface.  In  older  animals  the  coloring 
goi's  mi  iimrf  slowly :  tlii'  ])ortion  wliich  elioivs  the  eft'cci  mo3l  etrikiug- 
ly  im  iM'iwi'i'n  tlic  shaft  and  cxtPcniities,  morc  partieulariy  upon  the  sur- 
H'ttce.  If  tlif  madder  be  given  periodically  and  then  withheld,  ;dtemate 
InytTB  nfrt  red  and  while  iippoarance  arc  produced. 

I'Voui  ihcse  Gsperimenti't  it  may  be  inferred  that  the  growth  of  a  bone 
I 'oiu'intiuiii    ia  not  uniform  in  oil  parts.     Young  bones  grow  chioHy  toward 
'.'ii"h"xl"ri.    ^^^  oxtn-mlties;  nor  is  the  groMh  cumulative,  the  part.*:  ol-i 
imnu-  rendy  dopositcd  being  ever  after  presented;  for,  if  that  were] 

rliu  CAW,  it  would  not  be  possible  for  a  ring  placed  in  fiuch  a  manner  aai 
Imfl  Iiepu  deacrilicd  to  find  iw  wiiy  into  the  medullary  canah     For  that  to 
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occur,  tbwe  must  have  been  an  absorption  or  removal  of  the  pre-existing 
parts.  Tlie  tinging  l>y  madder  shows  that  growth  is  taking  place  wlier- 
ever  the  playnia  of  the  blood  can  have  access,  and  this  not  alone  upon 
the  proper  vascular  surfaces^  but  also  inter&titinllv. 

It  thus  appears  tliat  bone,  eolid  and  dense  as  it  is.  Is  the  Beat  of  con- 
tinual changes,  which,  though  they  may  go  on  %vtth  more  activity  in  thi' 
growijig  state,  take  place  idso  ivhcn  the  structure  has  readied  maluritv 
or  apparent  perfection.  From  One  portion  a  part  is  removed,  on  another 
additions  are  made,  the  method  by  which  tJiia  is  accomplished  being 
through  tiiG  access  of  the  blood-plasma,  which  finds  its  way  to  evciy 
part  by  reason  of  tlie  perWoua  structure  of  the  mass. 

As  to  the  sources  from  which  the  phosphate  of  linie  is  derived,  though 
doubtless  the  food  ofl'era  it  in  considerable  nuantity,  there  arc  „ 
many  reasons  for  micrruig  that  tlic  identical  portion  which  "hiuhiimuirial 
has  been  removed  from  one  part  is  ased  for  the  extension  '  '^"'•'"o- 
of  another;  and  thus  we  may  say  that  there  ia  a  plastic  operation  con- 
tinually going  Ibrward,  a  reniodehng,  so  as  to  adapt  the  structure  to  ita 
new  conditions  if  in  a  growing  animali  or  to  maintain  it  in  good  repair 
if  in  an  adults 

Turning  from  tlic  two  cases  with  wliich  we  have  been  thus  occupied, 
the  development  and  maintenance  of  the  adipose  and  osseous  tissues,  to 
the  phenomena  of  nutrition  genenJl^',  we  may  conclude  that  there  iire 
several  sources  from  which  material  for  tliese  purposes  may  be  derived : 
a  part  may  be  obtained  by  absorption  directly  firora  the  food ;  a  part  may 
be  manufactured  or  fabricated  in  the  system  itself,  or  may  be  taken  from 
eonic  locality  therein  in  which  it  has  become  redundant  or  useless,  and 
transferred  elsewhere  to  the  point  at  which  it  la  required. 

The  medium  through  which  these  additions  and  exchanges  for  the  pur- 
pose of  dc\'elopment  or  remodeling  are  accomplished  ia  of  course  the 
blood.  It  bears  with  it,  wherever  it  circulates,  the  substances  that  arc 
demanded — fibrin  for  muEclcs,  boue-eartli  for  the  skeleton,  fat  for  the  ad- 
ipose  tissue.?. 

It  reniaijis  for  ua  to  inrinire  into  the  laws  of  deposit  and  development 
involved  in  these  processes,  that  is  to  say,  why,  for  esample,  p^^^^  ^^  j^_ 
is  phosphate  of  lime  laid  down  at  the  points  where  the  phos-  vtiopeiiBod 
phate  of  Hme  lias  been,  or,  if  growth  be  taking  place,  why  U'le'in'i'uen^ 
are  the  accretions  arranged  in  a  definite  way  both  as  inspects  of  piiysicai 
size  and  shape  i     Upon  this  inriuiry  I  do  not  propose  at  prcs-  ^^^ 
ent  to  enter,  since  it  is  closely  connected  vnih  the  general  doctrine  of  de- 
velopment, which  will  have  to  be  considered  in  detail  in  the  next  book. 
We  shall  then  find  that  rcasonB  may  be  assigned  for  the  deposit  of  given 
ftubslances  in  places  that  have  been  vacated  by  others  of  the  same  kind, 
ns  in  the  nutrition  of  rau«cle8.     We  shall  alsO'  then  have  to  consider  the 
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lawfl  of  (Jovelopment  from  a  nuich  more  extensive  point  of  view,  intro- 
ducing the  doctrine  ot'  the  pniamoutit  inriueiicft  ot'  pliysical  causes  in  this 
respect,  uiid  perhaps  we  aliall  iriml  ourselves  brought  to  the  conclusion 
that  the  progressive  career  ota  cell  is  absolutely  (le{K:ndei)t  on  the  phys- 
ical conditions  to  -vvhicli  it  is  exposed,  and  that  there  ia  notlmig  extraor- 
dinary in  the  circumstance  that  two  cellft  placed  under  conditions  wliicli 
are  alike  will  ileveEcip  ulikK ;  that,  therefore,  a  part  which  ia  being  nrpairetl 
nil!  liavG  its  additions  inade  in  the  same  places,  of  the  same  material,  ti> 
the  same  extent,  and  of  the  same  tbrra  as  the  part  which  has  been  re- 
moved. 


CHAPTER  XIV. 

OF  TIIE  NERVOUS  SYSTEM. 

■^BtiUoia  of  tit  Nerwu*  S<fittfro. — fVfrtjm-tjnna!  aniS  Sgrnpntheti': — Fihrak*  md  VeMftJar, 
fitnttSiim  atul  Fuwliuu/i  of  ^ei-re  FHitm, — OtalrijifM/  Hud  f'rntrif'u^r/,^~]ttiff  of  CoiulurlHiili/fi , 
.InuAmica/  E^iimiimriim  af'titt  Alrurtarf  aiiJ  Fomlumii  o/'  \rirr   i'tjrirlin. —  Tfiry  diffatr  lufiH 
meet,  art  Mii(jtaiii'ii  of'  {•'vrw. — tHrmrnl  //f  T''i"  intrwiurril  Ui/  lirtfixleri»j  (riimjFut. —  Oiiiiis- 
tien  navjuntry  lr>  y.mf  .tifiwVj,— ,\V.viijny^  >•/'  fifjiifr  iiniJ  Utft,~~Elrr1rintl  t-'mminalifM  nf 
th*  /'ri«r/ifWM  of  Yftiflf.*. — ^XiHilainititl iiail  Ulei-lruitl  I'liiimla'ituini  ii'jm. 
.-iuJnwrtri''  N'-rrr  Arc. —  Crlltilc.! ytr\-c  .In.'. —  Malliplt  Arts. — CbmiHliiMiTj. — lirynieriaff  Nerre 

Atk. — SriuutriniH, — fiiftiii  iilitif  .■|k'. 
■'S*';W"f ''""''  ifr'i'T'/'y'rtiBi  cerrtimJ  Slrnrtun  frKj»etinij  iht  Sani. — It»  indrjinulrnt  Kxttlmci  Oiirf 

Itieax  If/'  Tiar»  atul  Spi>t^- — OA/tl/iev,  m/ijtriitr,  awl  im/wrmmil  O/fnitlnun.'—  Vndi/fn  t^  la 
pnafmnt  and  their  Iittrr/irrtutimt.—fiiiile  XiUurriifKnau-itdi/r. — Mailttt  £iHOlmia. 

The  parts  and  liinclions  ivhich  Imvc  been  thns  far  described  stand  in 
I  n  eeot  subordinatiyn  to  the  iiti|>ortant  system  on  the  s-tudy  of whicii 
thfl  nervuus  wc  now  cntcr.  It  niiiy  be  truly  said  that  the  position  of  any 
•yntcni.  animal  in  the  srale  of  life  is  directly  de[)endent  on  the  de- 

gree of  development  of  ita  nen-ous  system.  Tlirough  this  it  is  hroaght 
in  relation  with  the  external  world,  deriving  sensations  or  iniprcasioin 
therefrom  ;  through  this,  also,  all  voluntary  muscular  contraction  take» 
place.  Whatever  the  grade  of  intelligence  may  be,  the  degree  of  devel- 
opment or  expansion  of  the  nervous  sy^teni  13  in  close  correspondence 
tbeicto,  ^om  the  lowest  conditions  in  which  it  in  first  making  its  ajipeai- 
ance  in  triljes  which  are  scarcely  distinguishalile  from  vegelalile  fonns. 
up  to  i(a  highest  elaboration  in  the  cerebro-spimJ  system  of  man. 

The  phyaiologiflt  ha.s^  to  confess  that  in  thiSj  which  ig,  without  doubt* 
liiii-erft'ct  con-  ^''"^  '"^^*  important  ]vart  of  his  science.,  the  amount  of  what  14 
dUion  of  (Lq  known  with  cxactnciiB  ia  limited:  indeed,  so  great  an  obscn- 
*"  *'"^'-  rity  rests  upon  the  functions  of  tlie  nervona  (system  th*t  he 

has  to  content  himself  rather  with  the  description  of  structure  than  offer 
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the  explanation  of  action.  Yet  even  now  a  few  leading  facta  have  been 
iletemiined,  which  foreshadow  the  attitude  in  which  the  whole  subject 
irill  stand  whcn  it  conius  to  "be  btttcr  iiniierstood.  Among  these  may 
lie  BUinbered  tht;  locaUzfttion  of  Special  tunclions  in  apecial  parts  of  the 
nervous  centres,  as  was  observed  by  Gall ;  the  double  office  of  the  spinal 
nerves,  tirst  iciiognizcd  hy  Bell,  that  their  anterior  roots  are  motor  and 
|>osterior  sensory ;  the  conversion  of  impreasions  made  at  the  periphc^ry 
into  motions,  reflex  action,  ae  it  has  been  termed,  first  clearly  recognized 
by  Hall :  the  relation  of  the  gangUa  at  the  base  of  the  brain  to  the  cere- 
brum and  the  spinal  cord,  as  shown  hy  Carjjenter;  and  particularly  tlie 
general  Gondition  on  which  the  activity  of  the  entire  system  deuendat 
that  it  undergoes  oxidation  or  waste,  and,  among  other  products,  gives 
origin  to  salts  of  plioeplionc  acid. 

for  the  sake  of  con\eiiience  of  deactiption,  the  nervous  eystem  is  uaa- 
ally  regarded  as  consisting  of  two  (Kirtiona,  the  cerebro-spi-  Dlvbioaoftbe 
nal  and  flvnipatlietic.  The  ibrmer  ia  composed  of  the  spi-  iiervgu*g3's»in 
iial  covrl,  the  brain^  the  iiervea  proceeding  from  them,  and  ^pina]  ani 
their  ganglia;  the  sympathetic  ia  composed  of  a  series  of  i'ymp«u>«Li'=- 
ganglia,  unltGid  by  intercommunicating  threads  on  eac!i  aide  of  the  ver- 
tebral column,  and  supplying  branches  to  the  coats  of  the  bJood-vessels 
and  viscera  of  the  great  cavities.     Both  portions  conttun  two  kinds  of 

structure,  a  fibrous  and  a  vesicular.     T!ic  latter  is  found  in  „., 

FiiiToiiA  and 

various  situationn  ;  the  former  servea  to  connect  those  mass-  veBicuiarsinic- 
es  with  one  another,,  or  to  fumisli  means  of  commmiication  ''^' 
from  point  to  point ;  the  oflice  of  the  ganglia,  or  ncrvona  «ntro9,  is  for 
the  reception  of  impressions  and  the  origination  of  motions.  In  the 
brain  the  impressions  of  external  tiirenmstances  are,  as  it  were,  registered, 
and  from  it  originate  the  processes  of  intellection. 

The  study  of  thia  portion  oftlie  mechanism  of  man  brings  ils  therefore 
in  contact  with  metaphysical  acienee»  and  some  of  its  fanda-  ,, 
mental  dogmas  wc  have  to  consider.      Nearly  all  philoso-  mciaphysiciil 
phets  who  have  cultivated,  in  recent  times,  that  branch  of   p'"'"™^^?- 
knowledge,  have  viewed  with  apprehension  the  rapid  advances  of  physi- 
ology, foreseeing  that  it  would  attempt  the  final  solution  of  problems 
which  have  exorcised  the  ingenuity  of  ihe  last  twenty  centuries.     In 
this  they  are  not  mistaken.     Certainly  it  is  defiirable  that  some  new 
method  should  be  introdnced,  which  may  give  point  and  precision  tn 
whatever  motaphysica!  truths  exist,  and  enable  uh  to  distinguish,  3cpa- 
rate,  and  dismiM  what  are  only  vain  and  empty  speculations. 

So  far  from  philosophy  being  a  forbidden  domain  to  the  physiologist, 
it  may  be  asserted  that  the  time  lias  now  come  when  no  one  is  entitled 
to  express  an  opinion  in  philosophy,  except  he  has  first  studied  physiol- 
ogy.    It  has  hitherto  been  to  the  detriment  of  truth  that  tbepc  processes 


of  positivo  invciBtigation  have  been  repudiated.  If  from  tlie  construction 
of  tho  Iiuman  brain  we  may  dcmonstrato  the  existence  of  a  soul,  is  not 
that  a  gain  ?  lor  there  are  many  who  are  open  to  iirgumenls  of  this 
class,  oti  whom  apcculjvtivQ  rcat^oiiing  or  a  mere  dictuui  fall  'willioat  an^ 
weight.  "Why  fihoulJ  we  cast  asidu  the  solid  facts  presented  to  us  "by 
material  objects?  In  lus  coniinunicationa  throughout  tin.'  universe  witJi 
lis,  God  ever  material iaes.  He  etiualiy  speaks  lo  us  through  tho  thou- 
Banda  of  graceful  organic  fomia  which  arc  scattered  in  profusion  over  the 
surface  of  the  earth,  and  through  the  motions  and  appearauces  presented 
by  tho  celestial  otbs.  Our  noblest  and  clearest  conceptions  of  his  attri- 
butes havo  been  obtained  from  these  material  things,  I  aan  persuaded 
that  the  only  possible  route  to  truth  in  mental  philosophy  is  through  a 
study  of  the  nervous  mechanism.  The  experience  of  2500  years,  and 
the  writings  of  tJiegi\3at  metaphysical  intellcets,  attest  witli  a  melancholy 
emphaiiiH  the  vanity  of  all  other  means.  ^ 

Whatever  may  lie  said  by  Bi>cculativc  pliilosophcra  to  the  contrary, 
(he  (idvan4'enicnt  of  metapliysics  is  through  the  study  of  physiology. 
What  sort  of  a  science  would  optics  have  been  among  men  who  had  piir- 
|)Oscly  put  out  their  own  eyes?  What  would  have  been  the  progress  of 
astrouomy  among  those  wlio  disdained  to  look  at  the  lieavena  S  Yet  that 
|8  the  pivpostol'ous  course  whicJi  has  been  followed  by  the  so-called  phi- 
losopiiers.  They  have  given  ua  imposing  doclriuea  of  the  nature  and 
altrihutes  of  tho  mind,  in  absolute  ignorance  of  its  material  substratum. 
t)f  the  great  authors  who  liave  thus  succeeded  one  another  in  ephcmenl 
celebrity,  how  many  made  iheniselvcs  acquainted  wills  the  etruetnre  of 
(he  liuniAU  bvaiu?  Doubtless  isomc  liad  been  so  unfortunate  as  never  to 
MOO  Olio  I  yi't  tlvat  wonderful  organ  was  the  basis  of  all  their  et^ccolations. 
In  voluntarily  isolating  tlxemsclvcs  from  every  solid  feet  which  might 
norvo  to  be  a  iiuidiiiHrk  to  them,  they  may  be  truly  said  to  ha^e  sailed 
ii]ii>ii  n  uliorelcss  sea  from  which  the  fog  never  lifts.  The  OTily  fact  which 
ihcy  leiii'li  ua  witli  certainly  is«  that  they  know  nothing  witli  certainty. 
It  is  the  inherent  ditUculty  of  their  method  that  it  must  lead  to  unsnb- 
Atuitial  rRsultA.  What  is  Qot  founded  on  a  material  Buhatratum  is  nee- 
cBsoiil)'  a  castle  in  the  air. 

Ileturning  now  to  the  general  description  of  the  nervous  raedianiem, 
lUid  following  the  division  above  indicated,  we  shall  consider,  first,  th*; 
tibrous  element  of  tlic  nervous  syslcin,  and,  second,  the  vesicular. 

Tirst.  Of  the  tibrous  there  are  tivo  varieties,  one  belonging  to  the 
riiiPoiM  or  to-  cerebro-apinal,  and  the  otlicr  to  tho  sympathetic.  Tho  fot- 
iiiiltt  poriioD.  mer  may  bo  described  as  a  delicate  membranous  tube  contain- 
ing a  semi-fluid  material,  and  presenting  under  the  microscope  a  pellncid 
glassy  appearance  when  examined  in  the  recent  state ;  a  gi>ontaiieoU8 
tjoparation  or  partttton,  however,  soon  ensues,  a  white  material  or  modul- 
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la  appearing  immcdiatelj"  within  the  memhTanous  tube,  and  afibrding  a 
contrast  to  the  portions  which  are  toward  the  centre  or  aiia.  In  this 
state  the  n<?r»'e-tube  presents  the  appearance  ot"  pMallcl  hnea  toward  its 
periphca:/,  the  outer  one  carresponding  to  the  niembi'anoua  Mrmbrnnf. 
sheath^  and  the  inner  to  the  internal  limit  of  the  coarnilated  «''!?«*"'■«'«'«■ 
material.  In  this  condition  the  tube  ia  very  prone  to  as-  ajus  cj-iiiidor. 
sume  a  beaded  appearance^  either  by  the  influence  of  presaure,  or  even 
spontaneoiLsly.  Names  have  been  given  to  distinguish  these  parts  from 
each  other ;  the  central  grayish  portion  is  called  the  axis  cylinder  or  aada 
band,  since  it  may  be  of  a  flattened  shape ;  and  the  material  which  snr- 
rounds  it,  inten-ening  between  it  juid  the  raeinhranoua  investment,  is  des- 
ignated the  medulla  or  wiiite  substance  of  Schwann,  There  can  be  no 
doubt  that  the  mcmbranoua  tube,  tlio  wliite  substance,  and  the  axis  cyl- 
inder dischai^  difleient  physiological  fimctionB.  In  chemical  composi- 
tion they  also  differ :  the  tube  is  a  nitrogenized  structure-,  the  white  sub- 
stance oleaginous,  and  tiie  axis  cylinder  is  supposed  to  be  ritrogcniiietl 
s}ao.  Ill  tlie  first  development,  the  axis  cylinder  is  tirst  fomicdr  and  the 
white  fiubstance  then  cast  roiuid  it. 

Fta.  iR  i^fl  portion  of  anorve,  (T.J^it?.  114,  beplitced 

in  concentrated  acetic  acid,  the  axis  cyiinder  of 
its  included  tubes  will,  in  the  course  of  a  day 
or  two,  be  seen  protruding  in  a  brush-like  form, 
as  at  A,  the  effect  being  very  well  siiown  when  tiie  nerve  is  sufficiently 
slender  to  be  subsequently  examined  by  the  microscope. 

The  nerve  librca  run  in  a  direct  course  to  their  point  of  distribution. 
Of  their  manner  of  termination  wc  shall  apeak  subsequently ;  ™.  .  . 
here,  however,  it  may  be  remarked,  that  occasionally  they  ex-  iirnnphinj{B  of 
hibit  preparatory  terminal  branchings,  as  shown  in  J^hji.  1 1-5,  "*""  '  '"*■ 
p.  2(32.,  observed  by  KoUiker  in  the  case  of  the  frog:  a,  a  being  bifurca- 
tions, 6  a  trifurcation  of  a  small  twig  from  the  cutaneous  tboracie  muscle. 
Similar  aubdiviaiona  of  the  ultimate  ramifications  have  been  noticed  in  the 
amphioxus,  fishes,  insects,  and  it  is  certain  that  they  also  occur  in  man. 
The  sheath  of  the  nerve  fibres  is  an  clastic  membrane,  which  is  nei- 
ther acted  on  by  dilute  alkalies  nor  by  boiling,  but  is  solu-  CEinciirulreio. 
ble  in  concentrated  acetic  acid  and  strong  Holutiona  of  pot-  [J^^^f^^e 
ash  and  soda.  By  nitric  acid  it  is  stained  yellow,  and,  though  'iiiras. 
not  identical  with  ela-itic  tissue,  has  a  certain  reHemblauce  thereto,  np- 
proacliing,  however,  more  nearly  to  a  protein  substance.  The  axis  cyl- 
inder is,  as  is  shown  by  i(3  beliavior  with  reagents,  a  protein  substance, 
diffejing,  however,  from  syntonin  and  also  trom  blood  tibrin.  From  the 
latter  substance  it  ia  distinguished  Ixjth  by  the  ditEenlty  ■n-ith  which  it 
dissolves  in  acetic  acid  and  in  a  solution  of  nitre,  from  the  former  by  its 
insolubility  in  hydrochloric  acid. 


AjIh  cjUndBr  «r  uerviai. 
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nvMi'UUm  nr  iMva  Abroi  In  \hti  ftag.  TntifBlIM  DM  diunritM 

Of  Miirh  filrrrii,  umingcfl  parallel  to  encli  utKcr  in  bundles,  the  bundleg 
iifiilK'l  liy  tiliro-cnllular  tiitfiiie,  nerves  arc  compOAcd,  the  tissue  not  only  i 
ii(.'rtiril|iliKljii]^  thai  Tiirritnijjt'n]  ol»j(Tt,  but  also  afibrdJng  a  nidus  for  blood'*^^ 
vt*»$fiU,  wWif.U  run  irt  u.  I'otirHc  parnliel  to  the  nerve  fibres.  Thongh  we 
Vium  »i"i  «l»i'  '"*v«  »ijii)ki'[i  nl'  tliuwi  frlinia  as  cylinders,  tliey,  in  reality,  ap- 
uttmio  autM.  pri)ii(<|i  rtjorp  iimrly  tn  the.  tiguro  of  acute  cones,  slnce^  though 
rlii»lr  (llftiimtur  iri  from  (lio  j^V-o  ■■"  *'^"'  T^hH  «*"  an  '"ch  in  the  nerve 
iiiii<l>n,  llii<^  iliiJiiitinli  to  llic  jd^Qo^cir  the  jj^f^-Q  oi  an  inch  as  they  reach 
tlH>  IK^rvn  (Hiutmti  aii<l,  in  ihu  ttamo  ntunncr,  tlicir  diameter  l>Gcomes  lees 
riM  limy  brulioli  t)(l'  ill  lliiir  pt-riplu'nil  tliHtriliution.  In  the  brain,  as  tliej 
\mfi*  tliruii^U  (lii^  iiuuhillii  U>  llio  curlii-al  part,  they  exhibit  a  auuiJaj  dim- 
liiiillon. 

'I'hi*  nyiiipnllii'lii-  lilin'M  ililVor  fmiit  tiio  prcTrdlng  in  ap]iearan<c«.    Being- 
,,,  -    III  n  yi'i\oVi'it\\\'^ray  color,  and  only  about  hall' as  liu^.  they 

>m|mii»ii.t  do  not  rIiow  the  wpamtion  into  an  axis  cylinder  and  white 
iTivpNiineiil  aOt'r  ikuiih,  nn  if*  the  ca»e  with  cercW- spinal 
liliri'ot  llii'_v  iiiiiy  tlwrt'toi-c  Ih'  n-garded  as  being  more  bomc^ucotis  in 
ihf^ir  ooiiHtructiont  or  poKnejiniiif;:  a  ronKlltiition  like  that  of  the  other  kind 
'if  fllijt'M  H'lirn  ifii'v  iinilor^o  diminution  imd  approach  their  central  or 
|rriiili"  rid  liTriiiiialion.  Kvcn  in  the  ccrehro'&pinal  fibres  the  quantity 
(if  while  substance  prcHcnt  is  very  variable;  the  retina,  the  oltkctory  or- 
^'im,  and  (lit!  i'acinJRu  i-or|inHrlL-M  fiirnitth  iiij^Iances  of  it&  absence.  The 
Hyniputhclic,  gra^.  or  gi-JatinouB  iibrcs,  as  they  art^  indifli?rently  called. 
contain  mauy  nuflrnlud  corpuHcles,  which  may  be  rendered  very  diatiuci 
bjr  the  action  of  acetic  ucid. 


>H,n: 
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Nen'c  filiros  tcnninate  in  various  ways.  Their  ends  may  thin  out  and 
become  fre^e,  or  they  may  form  a  loop,  and  so  return  back  in  jj^j,^,^  ^f 
their  course-  Kagli  iicrvC  runs  in  an  linltl'oken  line  fojUl  its  tpmiinarjun  ol 
origin  to  its  termination,  brtt  betwei^n  the  adjacent  ones  in-  "*""■'  '  "'' 
tercominunication  is  established  by  the  formaliou  of  plexuses.  On  the 
other  hand,  as  tlie  fibres  are  preparing  to  enter  the  nervous  centres,  the 
membranous  tube  dilates  so  as  tv  receive  a  nerve  vesicle,  „  , 

witb  which  the  diaphanous  nxia  cylinder  is  thus  brought  in  coptionofvesi- 
contact.  Where  corpUHclea  arc  received  into  the  mcmbran-  ""' 
otts  sheath,  it  is  not  always  certain  but  that  the  fibre  has  some  Other 
(erramntion  beyond,  fliomo  have  supposed  that  sensitivq  llbree  difler 
from  the  motor  ones  in  the  circunistiiicc  that  the  former  alone  are 
brought  in  conncclion  ui'h  the  corpuscles,  but  this  is  very  unlikely. 

Second.  The  vesicular  nervous  substance  is  composed  of  nueleatcd 
cells  containing  a  granidar  substanec.  with  which  there  are  ti<c  YBHtuUr 
intemiisfid,  e9i>ecia!Iy  near  tlic  nuclei,  pigment  granules,  po^'ioa. 
These  granulesj  iiowever,  are  aometinics  iibHent,  as  in  the  vcrtebrata. 
The  nucleus  of  each  ganglionic  vesicle  often  jireaenta  a  nucleolus ;  the 
diameter  of  the  vesicle  varies  from  -j-J^  1o  ^2^^  °^  ^^  inch.  These  ves- 
icles are  found  in  the  nerve  centres,  their  coloring  material  communicat- 
ing to  those  parts  the  peculiar  tint  they  display.  In  eliape  they  vary 
■\ery  much,  ROme  being  Pphcrieal,  some  ovoid,  and  others  caudate,  ex- 
hibiting processes  which  arc  filled  with  granules,  or  which,  becoming 
cventuafly  transparent,  communicate  with  Bimikr  proceasea  from  other 
cells,  or  arc  continuous  with  the  axis  cylinJera  of  tlie  nerve-tubes.  Ac- 
cording to  iVxmnnn,  the  asid  cylinder  is  a  continuation  of  the  nucleus 
of  the  cell.     The  ganglion  vesicles,  as  they  are  termed,  are  cliaracter- 


Fi^.  im. 


iKcd  by  containing  a  large  amount  of  phoapbor- 
izcd  oil,  and  it  is  probable  that  the  oxidation  of 
this  material  is  a  condition  of  their  functional  ac- 
tivity. 

-F'it/,  116,  ganglion  globules  (nerve-eolls),  from 
the  Gasserian  ganglion  of  the  eat.  1.  Cell,  with 
short  pale  process,  showing  the  origin  of  a  fibre; 
a,  sheath  of  the  cell  and  nerve-tube,  containing  nu- 
clei; I,  cell  membrane  of  the  nerve-cell,  2.  Cell, 
with  the  origin  of  a  fibre  without  sheath;  If,  cell 
membrane  of  the  nerve-cell.  'd.  Nerve^iell,  de- 
prived, in  the  preparation  of  i(.  of  its  membrane 
and  external  sheath.     ^KoUiker.) 

J^i(/,  117,  p.  2t>4,  bipolar  nerve-cell  of  the  pike, 
continued  at  each  end  into  nerve-tubes,  a,  sheath  of  the  ner\c-cell ;  i, 
sheath  of  the  nerve;  c,  mediJla;  d,  &X2»  cylinder  coutiuuous  with  the 


Kenra-coll*,  DiBipilfltil  GBfl  dl- 
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coutents  of  the  nerve-cell»  ^,  wliicli  have  ehniiik  airay 
Irom  the  sheath  atler  nctioa  by  arscuious  acid.  (Kol- 
Uker.) 

Fig.  118,  caudate   nerve   vesicle  of  the  nmltiph" 
kind  i    a,  the    nncleateJ   vesicle ;    6,  its    prooesaes 

PmJ.  I  [5. 


lll[Kil.ir  ii..|i»i«Btl,  ttMri- 


fV-  ii"^ 


NultiinlM  nentH^l*,  magntlM  MO  dIunMn. 

71i«Be  proWbly  ore  continuous  with  the  axis  cylitt- 
dora  of  the  nen-ea^  in  connection  with  the  vesicle. 
fitj.  119,  luljulcs  and  nerve-cells :  A,  from  &^-inpa- 
thetic  ganglion ;  %  a  sepa- 
rate  cell,  showing  its  pellu- 
cid nucleus  and  nuclcoltts : 
B,  fi-om  the  gray  substance 
ofhutiianceTebellmn:  (i,ft, 
ple:^u&  of  primitive  fibres; 
c,  nucleated  globules;  *. 
a  separate  cell  from  bU' 
mtin  ganglion  of  CTasso-. 
(Wagner.) 

l^g.  120^  tubnien  and 
nen'c-cella  of  human  brain :  A, 
neiTc-ccll3  King  in  Uic  midst 
of  varicose  norve-tubw  juid 
blood-vessels  in  the  sabstance 
of  the  optic  thalomixs:  n,  gloh* 
ale  more  enlarged;  A,  small  vas- 
cular trunk :  B,  B.  multipolar 
nen-e-cclla  from  the  dark  por- 
tion of  the  cms  cerebri.  (Pur- 
kinje.) 

Such  being  the  constnictiou 
of  the  fibrous  and  vesicular  ma- 
leriul,  we  may  next  inquire  into 
their  functions. 
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FUNCnOSS  OF  NERVE  FIBRES. 

That  the  function  of  nerve-tubes  is  to  conduct  impressions,  is  proved 
by  many  dLftcrcnt  facts.  On  putting  a  liguhire  round  a  nerve,  Funciiona  of 
or  cutting  it  across,  it  no  longer  trauBraits  the  usual  influ-  '"^"^  tibrea. 
ences.  A  more  critical  examination  shows  that  impreasiong  made  on 
the  external  extremities  of  a  nor\-e  are  conveyed  b)'  it  to  t!ie  centres, 
and  the  influences  originating  in  the  nervoua  centres  are  conducted  along 
such  trunks  to  the  part,'*  to  which  they  are  diatribiited,  Tliia  double 
duty  therefore  implies  that  there  are  two  classes  of  tubes,  the  centripetal 
and  centrifugal,  though  thus  far  no  Btructural  differenco  between  them 
liaa  been  detected.  They  can  not  of  themsclvM  cither  originate  imprea- 
sions  or  motions,  these  in  every  instance  arising  from  external  or  central 
agency.  The  centriiug,il  fibres,  -when  cut  across,  may  show  r.  ^  -  ,j 
no  effect  if  the  part  still  remaining  attached  to  the  nerve  cen-  omi  L-emrifu- 
tre  is  irritated;  but  if  the  other  part  connected  with  tlic  pe-  ^''  ^"^*" 
riphery  be  pressed  upon  or  pinched,  muscular  contraction,  that  is,  mo- 
tion, results.  If  centripetal  fibres  be  examined  in  like  manner,  the  part 
connected  witli  the  {(criphery  being  irritated,  no  result  arises ;  but  if 
the  part  connected  with  the  centre  be  irritated,  sensations,  general  or 
special,  as  the  case  may  be,  are  perceived.  These  several  effects  cnaue 
when  the  motor  or  sensory  nerve  is  intact;  for,  on  irritating  tiie  one  or 
the  otliicr,  motion  or  sensation,  as  the  case  may  be,  is  produced.  If  the 
whole  trunk  of  a  centripetal  nerve  be  irritated,  the  mind  refers  the  sen- 
sation to  all  those  parts  to  which  tlie  branches  of  that  ncr\-c  are  distrib- 
uted: if  a  part  only,  then  the  sensation  is  Imiited  to  those  portions  to 
which  the  fibrils  of  that  port  go  :  but,  besidea  this,  the  mind  also  recog- 
nizes the  particular  spot  upon  the  trunk  to  which  the  irritation  has  been 
applied-  In  like  niiiimer,  when  the  entire  trunk  of  a  centrifugal  nerve  is 
irritated,  all  the  muscles  which  it  supplies  contract;  or,  if  only  a  part, 
then  those  musclea  ■which  are  supplied  Irom  that  part.  From  the  ana- 
tomical fact  that  a  nerve-tube  does  not  anastomose  witli  its  ncighlxirs, 
the  influences  whicli  it  conveys  are  transmitted  along  it  without  any  lat- 
eral ditfufiion,  and  every  fibre  discharges  one  duty,  and  one  iruiiFoffiinc 
alone.  The  ccntripetral  can  never  assume  the  function  of  twn  in  thu 
the  centrifiigal ;  and  tn  the  case  of  nerves  of  special  sense,  ""^^  "*" 
there  ia  the  same  restriction:  the  optic  nerve  can  not  transmit  the  im- 
pressions of  sounds,  nor  the  auditory  the  vibrations  of  light ;  the  nerves 
of  coinnign  genaation  are  affected  neither  by  one  or  the  other,  but  they 
are  by  variations  of  temperature.  Tlio  velocity  with  whicli  ^^^^  ofcan- 
theae  intlnences  pass  along  nerve  fibres  is  indehnitely  leaa  dii«ii.ilitj  in 
than  that  vdtli  which  electricity  moves  in  a  metal  conductor.  °'^"**' 
Thus  tar,  however,  no  satisfactory  measure  of  it  has  been  obtained. 
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The  experirnenta  of  Helmholtz  give,  for  (be  rate  of  propagjition,  fiom  83 
to  88  feet  per  second  in  the  frog,  anil  in  man  200  feci,  ihc  velocity  ris- 
ing with  the  mpiin  animal  heat.  At  one  time  it  was  llmught  that  there 
arc  pcrceptibte  differences  in  this  rate  in  the  same  nerve  of  diftbrcnt  indi- 
vidualft,  or  in  different  nerves  m  the  same  indi\-idual,  hut  these  conclu- 
giona  arc  aflmittcil  to  lie  erroneous,  or  to  be  explained  ii|)on  another  prin- 
ciple. It  can  not  he  Jeiiied  that  there  is  a  general  resemblance  betweoi 
the  iDunner  in  which  a  nervous  fibril  tranetnita  its  influences  and  thai  in 
which  a  conducting  medium  eonve}!?  an  electric  current,  though  the  ve- 
Re»L-miilancc  locJIJ'  "i»y  I*  verv  different.  There  is  a  resemlilanee  be- 
i»HTLf  n  ihe  twccn  the  arrangement  of  the  axis  cylinder  surroundexl  by 
iriciJ  L-oniluct-  ■'''  while  substance  and  mcniliranous  tul»e,  and  that  ul'a  met- 
""■  alliiie  wire  wrap]>od  round  with  Bilk,  or  other  non-conduct- 

ing material  in  many  electrical  arrangetnents.  An  electric  current  arti- 
ficially transmitted  along  a  nen'c  trunk  will,  as  the  nature  of  that  trunk 
may  be,  give  rise  to  museular  contraction,  or  produce  general  or  special 
sensations,  or  origuiate  tvAgx  actionn  For  tliese  reasons,  it  has  long  been 
supposed,  by  many  pliysiologista.  that  the  influence  which  passes  along 
nervous  fibrcB  is  aualogDU&  to  electricity,  if  it  be  not  identieal  therewith  ; 
but  all  attempts  to  prove  the  existence  of  an  electric  current^  either  in  the 
centripetal  or  centrifiigal  fibres,  have  thus  far  been  abortive.  It  may, 
liowcver,  be  remarked,  that  the  arguments  which  arc  commonly  presenl- 
ed  against  the  liypothesis  of  the  identity  of  the  nervoua.  agent  and  eloc* 
tricity  are  but  of  little  weigJit  when  critically  examined.  Thus  it  is  smd 
that  an  electric  current,  passing  along  a  nerve  fibre,  spreads  laterally, 
whereas  the  nervous  agent  never  does;  but  this  is  all  deiiendcnt  upon 
that  quality  formerly  known  among  electricians  aa  intensity.  There  is 
no  reuHou  to  suppose  that  a  thermo-electric  current^  the  intensity  of  which 
is  very  low,  ivoxJd  exhibit  such  a  lateral  propagation ;  whereas  a  voluuc 
current,  whose  intensity  is  high,  does  it  without  dldicuHy.  Moreover, 
though  it  hfis  been  stated  that  the  electric  conductJbdity  of  a  nervous 
irunk  is  indc;tinitely  worse  than  that  of  a  metal,  even  lower  than  tliat  of 
a  bundle  of  muscular  fibre,  it  should  be  remembered  in  ilicse  discupiBions 
that  the  conducting  power  is  in  the  axis  cylinder,  and  no  attempt  has 
ever  yet  been  made  by  any  cxperiraenter  to  isolate  that  structure  and  sub- 
mit it  to  proper  examination.  It  is  Just  the  same  as  though  wc  should 
take  a  bundle  of  copper  wires,  each  one  of  whicli  is  separnted  from  its 
neighbors  by  a  layer  of  non-conducting  fat ;  tliat  we  shoidd  cut  out  a  sec- 
tion of  such  a  construction  with  a  pair  of  scissors,  and  then  attempt  to 
determine  its  eouductibility.  That,  under  any  circumstances,  woidd  be 
low  enough;  and  the  chances  are  that  the  non-conducting  material  would 
Iw  smeared  over  the  ends  in  the  act  of  making  the  section,  ami  the  speci- 
men refl.i8e  to  conduct  at  all     In  a  similar  manner,  we  may  dispose  of 
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all  those  experiment&  which  have  been  brought  to  prove  the  dis&imiloxi- 
tj  of  electricity  and  the  neirous  agent,  by  inteneoiiig  a  piece  of  mGlal 
IjatweciL  ft  secticin  of  a  nervous  trunk,  it  having  been  Ibund  that  under 
such  ciruumsEmices  the  dci'vous  iriHuenee  does  not  paas, 

The  phyaieal  condition  upon  which  the  activity  of  the  nervous  mech- 
nnism  depends  in  the  supply  of  arterial  blood  ;  for,  although  .. 
the  nerve  fibres  never  receive  or  are  penetrated  by  blood  cap-  ity  depemii  on 
illaries,  these  latter  run.  in  company  with  them  in  the  netv-  *^  ^ 
ous  fasciculi.  It  would  appear,  however,  that  the  supply  of  arterial  blood 
ia  of  tar  less  moment  iu  the  function  of  tlie  nerve  fibrea  than  it  is  in  tlioi 
of  the  nerve  centres.  This  ia  shown  by  the  limited  supply  given  to  the 
former,  and  the  abundant  one  to  tlie  latter;  by  the  comparative  effect  of 
a  stoppage  of  the  blood  circulation,  in  which  case  the  action  of  the  nerve 
centres  is  instantly  arrested,  whereas  that  of  the  fibres  may  continue  for 
a  long  time.  On  the  whole,  there  are  strong  reasons  for  believing  that 
the  conductibility  of  the  nerve  tibres  is  as  piuely  physical  as  is  (hat  of  a 
metal  wire,  and  that  the  supply  of  blood  that  they  receive  is  only  for  the 
purpose  of  maintniuiiig  their  construction  in  a  perfect  state. 

We  have  stated  tliat  there  are  nerves  the  functions  of  which  arc  essen- 
tially diflerent,  such  as  the  centripetal  or  sensory,  and  the  ],j<.ntificatio[i 
centrifugal  or  motor.  The  identification  of  tlie  class  to  ofthodwwri 
which  a  nex^'e  under  examination  belongs,  may  sometimes 
be  made  by  examining  its  maimer  of  distribution,  or  lla  ganglionic  con- 
nection y  sometimeB  by  experiment,  by  making  a  section  aad  itritating 
the  cut  extremities.  In  these  cases,  however,  caution,  has  to  be  esei- 
cised  in  coming  to  a  conclusion. 

FUNCTION  OF  NERVE-CELLS. 

The  itfffvous  6bres  having  for  their  duty  the  conduction  of  estemal 
impressions  and  the  transmission  of  nervous  influences,  the  FuEctton  rf 

nerve-eells  or  ">^>^-iv(»klei. 

vesicles   are   for   the   re- 
wption  of  those  impres- 

"  sions  and  the  origination 
of  lliose  influences.  The 
nerve  centres  or  gangUa 
are  made  up  of  vesicles, 
granules,  and  ner^e-tubea 

a  conjointly. 

J^iff.  121,  dorsal  gan- 
glion of  the  sympathetic 
nerve  of  a  mouse,  a,  i, 
cords  of  connection  with 
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adjacent  ganglia ;  o^  c,  c,  c,  branches  to  tlie  viscera  and  spinal  nerves  ;  d^ 
nerve-cella ;  e,  nervc-tubca  traversing  the  ganglion.     (Valentin.) 

For  tlie  explanation  of  the  ftuiction  of  the  nerve  centreSt  it  i.^  easentlal- 
Puiiciluii  of  \y  necessary  that  we  should  have  elf  jit  views  of  thu  t'unction 
riri^a^l'io^.^1  ^^^^^  ^^^^  veaiclea.  It  has  appeared  to  me  that  their  duty 
iciUly.  is  niamt'cBted  by  their  anatomical  relations.     The  influence, 

whatever  it  may  be,  wkick  passes  along  a  nervous  cord,  is  completeJy 
isolated  thea^in,  and  never  leaves  tlic  ALril  in  which  it  is  passing  &0111 
its  origin  to  its  tenninafjon.  It  la  isolatod  by  the  white  HuhsJauce  of 
Tiiev  ptrmit  Schwann.  But  it  13  very  plain,  as  a  thousand  phenomena 
~^f  '"^Yir  "  ^^  *^^  ncrvoxiB  system  prove,  that  there  are  phaces  c(  escape 
dew  chaniipls.  for  this  influence,  althougli  it  may  be  COnfincd  in  the  nerve- 
tube,  and  these  places  can  be  no  otln^r  than  the  vesicles,  Tlieir  caudate 
aspect,  or  multipolar  form,  as  it  is  often  termed,  will  bear  no  other  inters 
prctation.  The  disturbing  influence,  coming  along  the  axis  cyiinder  of  a 
nerve-tube,  finds  itself  delivered  into  the  granular  material  in  the  interior 
of  a  vesi^^le,  a  material  physically  continuous,  in  the  opinion  of  many 
phyaiologistg,  with  tho  structure  of  the  axis  cylinder.  Through  this 
granular  material  tho  tnfiuenec  ia  tTans.mitted,  and  if  the  vesicle  should 
have  OIL  its  distant  contour  two  or  more  nerve-tubes  connected  with  it, 
it  would  aeenj  to  be  the  ncccagary  result  of  such  a  stale  of  tilings  tliar 
the  inrinence  will  pass  down  all  thoac  channels.  For  thepe  reasona  1  re- 
gard the  nerve  veBicles  a8  being  constructions  for  the  purpo.sc  of  opening 
out  the  closed  nerve  tubules,  and  pennitting  them  to  deliver  theur  energy 
into  new  tracts. 

But  uTore  than  this.  Whatever  may  be  tlio  principle  by  which  the 
Diffusion  or  111-  nervous  influence  is  propagated,  or  condueted  from  point 
t'T.'wi'Jmlw-  ^^  P^"^*  ^^  ^^^  granular  materiul  within  the  vesicle,  theif 
riaJ.  must  be  now,  since  there  is  no  stnicture  to  prevent  it,  a  lat- 

eral flpreading  of  efl'ect.     It  is  not  to  be  supposed  that  the  ]iapsagc  ia] 
made  in  a  direct  line,  from  the  terminus  of  the  centripetal  to  the  origin 
of  the  centrifugal  tibrc,  across  these  camlate  veaicles,  and  restricted  there- 
to.    There  ia  no  isolator  10  confine  it  in  any  such  track,  and  it  seems  to 
follow  of  necessity  that  the  whole  contents  of  the  vesicle  must  1«  affect- 
TmJcIcb  rstoin  cd,  ond  this  iTTCspective  of  its  m^nittide.     Such  a  condition 
■nd  we  wags-  ^*'  t^iigs  introduces  the  suspicion  of  a  second  great  doty 
nppH  of  forc«.    which  the  vesicles  may  discharge  in  retaining  within'them- 
selvcs,  at  all  events  for  a  short  period,  the  influences  that  have  tims  es- 
caped iaterally,  and  thus  they  become  tcm{>orary  magazines  of  power. 
fnfpwlHf  h\.    ■^'^^  perhaps  thia  may  be  the  true  interpretation  of  tlie  action ! 
iwIm,  tnulilpo.  of  unipolar  and  bipolar  vesicles;  the  unipolar  being  a  capsule  ] 
for  the  collection  and  conservation  of  the  entire  delivered  in- 
flnenec,  the  bipolar  to  admit  of  the  passage  onward  of  a  large  portion  of 
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the  force,  hnt  by  lateral  diffusion  to  preserve  or  delay  a  piirt,  and  the 
multipoliir  at  once  ptrrtnitting  oi  conservation,  and  of  a  diacbarge  into. 
p«r!ia|)£,  a  multitude  ol  new  cliaiuicls. 

Upon  the  same  pTiuciplo  that  multicaudate  vpsicles  permit  of  the  es- 
cape ot  ncn'OUB  influence  from  tlie  single  cliaimcl  in  whlcii  it  interrftMnce o( 
has  been  coming  into  many  new  ways,  so  likewise  they  impregsiona. 
must  be  the  scats  of  the  interference  of  influences  delivered  into  them 
from  many  ccntrij)ctal  fibres  at  the  same  time^  Titus  we  may  imagirto 
a  tric»udato  vesicle  into  the  granular  material  of  which  an  influence  is 
delivered  simultaneously  by  two  centripetal  librlls,  and  these,  reacting  on 
one  another  in  the  interior  of  llic  vesicle,  give  risp  to  a  resultant  which 
may  differ  from  them  botli,  and  this  is  passed  on  tiirougli  the  third,  the 
centrifugal  Hbril. 

Regarded  in  tbia  way,  the  function  of  a  nerve  vesicle  may  therefore  be 
stated  to  be,  Ist.  To  permit  the  csciipe  of  an  entering  influence  out  of  the 
solitar)'  channel  in  wliich  it  has  been  isolated  into  any  number  of  diver^ 
ing  tracts ;  2d.  To  combine  influences  which  are  entering  it  from  various 
directioiis  into  a  common  or  new  result  ^  3d,  By  prmltting  of  lateral  dif- 
fusion to  take  off  and  keep  in  Store  for  a  certain  duration  a  part  of  the 
passing  influence. 

Our  attention  can  not  fail  to  be  arrested  by  this  last  effect ;  for  if  there 
he  s.  property  which  is  charaeteriatic  of  the  nervous  mechan-  „ 

.    I         1  ■       1  ■         I.  RplenliLiii  of 

ism  in  itg  utmoBt  degree  oi  development,  it  is  thi3  of  retain-  UieyesiigBsof 
ing  tlie  reKcs  or  traces  of  impressions  which  have  formerly  ""P"!™"""- 
been  made  upon  it.  As  it  goes  on  increasing  in  perplexity  ag  tvc  rise 
through  t!ic  animal  seriest  the  provision  for  the  retention  of  such  inipreH- 
flions  becomes  more  and  more  strikingly  marked.  Ganglionic  masses, 
which,  from  their  position  and  etructure,  arc  marked  out  for  this  duty, 
appear  in  that  ascending  scale  in  increasing  magnitude.  To  these  we 
may  aptly  apply  the  designation  of  registering  ganglia,  since  Rc^aisrioc 
they  truly  store  up  the  traces  of  ancient  impressions  and  keep  6a"ff''»- 
rhcni  in  reserve.  These  ganglia  must,  moreover,  be  the  scenes  of  the  in- 
teraction and  interference  of  the  impressions  they  thus  contain. 

The  registerUig  ganglia  thus  introduce  the  element  of  time  into  the  ac- 
tion of  the  nervous  mechanism.  The  impression  which  ,  .  .  ■ 
without  them  would  have  forthwith  cndm  in  action  is  de-  oniiisriunnHii 
layed  for  a  season,  nay,  perhaps  even  as  long,  though  it  may  *"  '*""■ 
lie  in  a  declining  -way,  as  the  structure  itself  endures ;  and  with  the  in- 
troduction of  this  condition  of  duration  come  all  those  iinportaTit  effects 
which  cnsne  from  tiie  various  action  of  Diany  received  iitipressiona,  old 
and  new,  upon  one  another. 

This  internal  origination  of  new  results  through  tlie  Interaction  of  im- 
preHsious  retained  in  the  registering  ganglia  is  too  important  a  plienom- 
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emon  to  be  pasaed  lightly  by»  more  especially  whtsi  we  ooTiaider  tltp  ear- 
priaiiig  results  to  which  it  eventually  lends  in  iJte  higher  forms  of  lilc.  7 
niuBtracicin  of  shtill  tJicrcforp,  without  any  spolojiy,  f!igi*c»9  briefly  I'ljr  tlic 
tlie  produciiifn  g^ke  of  Ulustrrttin"  rny  meaiiiii;j,  by  sliowiiis  how.  even  in 
iiiluLij-invsri-  tiiematenai  world,  irom  conditions  wliidi  ara  as  hxru  as  late, 
nWo  f«iiM*.       through  interaction  of  consequences  variaMc  n^uits  arise. 

The  lawa  of  nature,  being  fuunded  on  pure  reason,  are  absolutely  un- 
changealble.  Of  the  things  which  are  presented  to  our  contemplation, 
tliey  alone  ani  invariable.  Material  substancca  of  every  kind  wear  by 
tiuiC,  add  exhibit  ineesAUJit  alterations,  and  this  tlie  SainO  whclbex  ihev 
are  of  a  terrcstifiiii.1  or  a  celcatial  kind.  There  are  tiJes,  eclipses,  seasons, 
birth;?,  dualhs,  Thronghout  the  universe  there  is  no  monnnicnt  that  re- 
tains its  primordial  condilton ;  for  all  material  aggregations  are  only 
forms,  and  every  fonn,  in  the  process  of  tirao,  must  perish.  Tiicre  are 
changes  aftho  surface  of  the  wirtli,  changes  in  its  jiosilion  as  to  the  sun, 
changes  in  the  places  of  systems  of  worlds  as  to  one  another.  Every 
thing  is  at  every  moment  in  motion;  lint  in  the  midst  of  all,  every  law 
of  nature,  as,  for  example,  the  lair  of  gravitation,  endures  without  varia- 
tion for  an  instant,  and  is  never  for  an  instant  suspended. 

This  invjirinbllity  of  natural  laivs  frijni  age  to  age,  even  under  circam- 
stanccs  in  wliidi  ive  miglit  suspect  a  change^  is  iHusfmted  by  the  parallel 
which  may  Ix;  traced  between  the  development  of  tiie  most  recent  em- 
bryos, as  nf  man,  and  those  of  the  ancient  geological  times,  or  liotwoen 
human  development  and  that  of  the  whole  animal  series.  In  nil  these 
"'asps  such  a  phenomenon  is  never  witnessed  as  that  of  a  part  springing 
from  nothing :  it  comes  out  of  something  existing  Ijefore,  and  exists  ha  a 
conscrpicnCG  of  some  preceding  oiCt,  The  order  in  which  jiart  arises  from 
part  is  the  same  now  as  it  has  been  in  all  times— the  &ame  in  organ- 
isms which  arc  most  distinct  from  each  other  in  structure  or  position  in 
the  natiu-al  scale ;  and  thus  we  see  that  development  ia  not  only  the  con- 
.'^eqiienee  of  faw»  but  of  law  which  is  unchangeable  and  universal  in  its 
application. 

As  with  tlieae  phenomena  of  development  and  all  natural  facts,  so  witli 
rhe  operations  of  the  mind.  There  is  no  such  thing  as  a  spontaneous  or 
3clf-origiii!iiing  thought.  Every  intellectual  act  i«  the  conscqiuence  of 
some  preceding  act.  It  comes  into  esislencc  in  virtue  of  Homething  that 
ha,8  gone  before.  Two  minds  constituted  precisely  aUke,  and  pis 
under  the  influence  of  preeisely  the  same  external  physical  circumFtaneea, 
must  give  birth  to  precisely  the  same  thought.  Such  is  ptatidy  the 
conscfiuence  nf  that  invariability  and  universality  of  the  laws  of  natUTBi 
on  which  I  have  iK'cn  insisting,  which  is  illnstratcd  by  the  fact  wc  so  of^eDM 
witness  in  our  daily  affairs,  and  strikingly  In  the  case  of  philosophical 
'liscoveries,  the  same  idea  occurring  to  many  persons  at  the  ^amei  time. 
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It  is  this  sameness  of  action  to  wliicK  we  allude  in  that  popular  cxproij- 
sion,  common  sense — a  term  fiiU  of  pieamng.  In  tlie  origination  ol'  a 
thought  thtrc  are  two  distinct  conditioiis  involved- — the  state  of  tlie  niind 
as  dependent  on  antecedent  impressions,  and  tJie  existing  pliysical  cir- 
cumstances. The  brain  Is  the  iiistrunicnt  on  which  extcnial  cti-cum- 
atancea  piny !  but  tn  the  eume  manner  that  the  course  of  time  presents 
ua  witli  natural  vicissitudes,  such  us  night  and  day,  the  seasons,  the  tides, 
spring  and  ncaji)  with  their  ebb  and  flow,  variations  of  events  may  ensue, 
notwitliHlaiuling  the  f^tc-hkc  aspect  of  the  acting  htw,  and  tliis  through 
the  interaulioti  of  conscciuences.  So  the  earth  revolves  round  the  sun 
ua  a  consequence  of  gravity,  and  for  the  Bame  reason  does  the  moon  re- 
volve round  the  earth ;  for  the  same  cause  do  tlic  tidc;^  flow  and  clib  in 
the  seat  }'et  there  will  be  spring  tides  when  the  sun  and  rnoon  draw  in 
one  directioUt  and  neap  tides  when  tliey  draw  in  opposite  iraya.  Out  of 
the  invariable  the  variable  may  tliercfore  arise. 

To  return  froDi  this  digresiiion  to  the  phenotdena  displayed  by  regis- 
tering ganglia,  in  coutinusition  of  the  views  offered.  I  may  pre-  ninsiTaiion  or 
sent  as  an  example  the  manner  in  wliicli  I  should  be  disposed  "1''^5''^'I^  . 
to  regard  in  this  respect  the  entire  nervous  syateni  of  the  ar-  8^^1:9. 
ticulata.  Constructed  as  these  animals  are  upon  an  axis,  the  nerves 
which  are  given  otf  from  the  ganglia  upon  tliat  axis  right  and  left,  a  pair 
tor  each  segment,  are  primarily  purely  automatic,  and  act  therefore  pri- 
marily in  a  purely  retlcx  way ;  an  impression  made  on  the  peripheral  ex- 
tremity of  one  of  tlieir  centripetal  fibrea  i»  conducted  to  the  ganglion, 
passes  through  it,  escapes  along  the  ccnfrifngal  fibre,  and  a  motion  oc- 
curs. But  the  whole  influence  is  not  tlius  promptly  disposed  of.  A  pari 
of  it  is  conducted  by  commissural  strands  to  the  cephalic  gnngUa,  and 
there  held  in  reaer^-e.  And  the  same  thing  holiLs  good  for  cv-  v,^^,^,,  _* 
ery  one  of  the  ganglia  of  the  ventral  cord,  30  that  for  them  all  tim  rt'tiiiuHi; 
the  cephalic  become  a  point  of  common  convergence,  or,  in  my  ^""* 
view,  the  common  register  for  them  all.  Here,  at  this  focal  point,  are 
Stored  up  the  relics  of  whatever  impressions  have  been  made  upon  tlic 
common  peripheral  nenxs,  and  here  are  received  those  which  arc  brought 
trom  tiic  structures  of  special  sense — the  vis^ual,  the  auditory,  the  olfac- 
tory, if  any.  There  does  not,  then,  appear  any  great  diflicidty  in  ex- 
plaining the  well-marked  deviations  from  antomaliam  which  tliese  ani- 
mak  may  present. 

The  action  of  every  ganglionic  mechanism  depends  npon  the  existence 
of  certain  physical  conditions,  among  which,  as  being  of  par-  Ntrve  tKniroii 
amount  importance,  one  may  be  discerned-     It  is  the  due  ^„p(  ,,y  ^^jaJ 
supply  of  arterialized  blood.     If  this  be  stopped  but  for  a  •'™- 
moment,  the  nerve  mechanism  Iospj^  its  power,  or  if  dimiiiielied,  the  dis- 
play of  its  cliaractcriatic  phenomena  correspondingly  declines.     If,  on 
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the  contTftiy,  tlie  aupplv  Tjc  vmdwly  gteatj  or  its  oxidizing  power  ai-tificial- 
ly  increased,  tLore  is  a  more  energetic  action.  This  latt<?r  contlition  of 
tilings  is  presented  in  tlie  c-u'lier  stages  of  the  respiration  of  protoxide  of 
nitTogrn,  an  ijicreascJ  niusL-uUir  power,  and  an  exaggeration  of  the  pro- 
ceases  of  intellection.  The  opposito  atato  is  witiieased  when  carbonic 
aeid,  more  or  less  dilute*  is  breathed,  from  that  blunting  of  the  intclleetual 
tiicultica  and  indiaiwaition  for  inugcular  cxcrfion  which  is  felt  in  ill-ven- 
tilated apiirtmcnts  where  carlionie  acid  is  permitted  to  aecumulate,  to  the 
profound  torpor  and  inaenaiLility  ejipcrieiiccd  wlien  it  is  in  a  more  con- 
eentruted  slate.  These  exaltfttious  aud  dejiressjons  ufllie  capabilities  of 
the  nervouB  instrument  are,  therefore,  clearly  of  a  cheiniejil  kind, -and  niny 
be  produced  anifieially  and  at  plcasiu-e  by  the  respiration  of  appropriate 
gases  or  the  ad  mini  s^t  rat  ion  of  certain  drugs.  Xay,  even  the  accnmuk- 
tiona  of  the  effete  products  of  the  economy  are  safficictit  to  give  rise  to 
sncb  diminutions  of  power,  as  wc  see  when  bile  or  urea  13  permitted  to 
accumulate  in  the  blood.  The  theraj>eutical  ftnd  toxitological  influemros 
of  certain  medicamenls  are  illuslrationa  of  these  principles.  Of  such 
suhHtances,  some  iict  ou  the  fieusorial  and  some  on  the  motor  powers. 

The  ai'pious  distribution  ot  arterial  blood  to  the  nervoua  centrea  indi- 
N«eBsiiv(vrr3-  cates  that  they  undergo  a  rapid  waste,  That  sujiply  can 
pairaiuires.1.     ^qj;  ]jp  f^jj.  ([^g  mcro  purposea  of  growth  alone,  since,  when 

once  lualurity  is  reached,  the  nervous  inechanisra  presents  but  little  es- 
pansiou.  The  provision  for  nutrition  assures  us  that  that  action  must 
be  rapidly  gouig  on ;  but  the  equilibrium  of  the  system  betrays  that  &uch 
nutrition  is  not  for  development,  but  for  the  repair  of  waste;  and,  in- 
deed, litis  waste  proceeds  at  sueh  a  rate  that  there  arises  in  some  portions" 
of  this  system  a  necessity  for  i>eriodic  reijose,  a.  time  for  the  restoration 
of  the  parts.  If  any  arguments  were  required  to  eslabHsli  beyond  dis- 
pute that  such  a  disintegration  of  the  material  of  the  nerve  centres  doca 
occur,  it  would  be  furnished  by  an  examination  of  the  unne ;  for,  in  uerr- 
uua  substance,  phosplionis  occurring  as  a  characleriatic  ingredient,  it 
must  give  rise  to  the  production  of  phosphoric  acid,  or  salts  thereof,  iu 
Dwiniciion  of  ^^  supposed  periods  of  activity.  Moreover,  in  this  meta- 
jien-iiiu  tiiaic-    morphosia  of  the  vesicular  structure  ammonia  must  eventU'- 

rial   IB   [Ji   pro-      i.  .  ,.  i  n  n      .r.    .  i  i 

imriionioncrv-  ally  anse,  troHi  the  cell  walls  il  from  no  otJier  Bource,  and 
uiu  MUviiy.  accordingly  we  find  in  the  urine  that  cluiracteriatic  double 
Aalt,  the  phosphate  of  soda  and  ammonia.  The  amount  of  these  alkaline 
pLgsphatca  has  long  been  kiiown  to  be  in  ptoportiun  to  the  activity  of 
the  nervous  system,  particularly  in  the  case  of  individuals,  such  as  cler- 
gymen, who-?e  mental  powers  are  taxed  unduly  at  stated  intervals.  The 
peneral  fact  that  the  degree  of  energy  which  this  aysJem  exliibits  is  do- 
I>cndent  on  the  activity  of  rcRpiration  in  different  tribes  of  life  might  be 
established  from  many  familiar  instances. 
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More  precise  ideas  would  be  arrived  at  regarding  the  waste  of  the  nerv- 
ous mechaniam  if  we  poasessed  a  more  accurate  knowledge  of  its  dbem- 
icftl  constitution.     The  examinations  hitherto  made  are  fat  „        .  .      ,. 

,  Lcinijiiuitionol 

from  agreeiitg  with  one  another,  and  this,  to  a  certain  extent,  nor\-ous  msw. 
13  due  to  the  difficulty  of  obtaining  the  true  nervoua  tissue  in  "^ 
an  isoia(ed  state,  or  unmingled  with  otlier  inter\'ening  atnjctures.     The 
Ibllowing  tables  will  give,  however,  a  general  idea  of  its  composition  ai 
diiferent  periods  or  in  ditferent  conditions. 

Anal^Mui  of  Brain  of  differtnt  CtmditUm*  i^  Lijk.     f  from  L'lferitier,') 


Inhnti 

Voutha, 

742.60 

Adulu. 

Ag^ 

7'(H».30 

WMer.. ,...„.. ...„,. 

827.90 

726.10 

738.li0 

T0.00 

103.00 

94.00 

»ti.50 

^4.00 

Flit „ 

34,  SO 

B3.00 

61.00 

43. 2e 

fiO.OO 

OHnuuoiifl  und  sulci 

fiS.UU 

8S.dO 

IQl.OO 

131.60 

148.20 

Photfphoru* ...... 

6.00 
ICWO-OO 

ia.GO 

18.00 

10.00 

1O0O..DO 

B.50 

1000.00 

ITOO.OO 

1000.00 

Cbmpimtwn  ^  S/jinui  Cord  ^  AdfUt.    {From  J/JIaitier-) 

Woler 710.50 

AJbusocu ■. 73.00 

Fftt 83.no 

OmaiOQC 115.00 

Pfawjibgrna ,...........,.,„ -...,.,..      19.00 

1000.00 

AiKtl;gm  o/Mtduiiary  md  Cortkal  Stibtianre  of  Brain  ofjihat.     (/"rpm  Ld^sai^.^ 


VVoMcal  and  MmL. 
)  ullniy  togcttwr. 


UQMeaV 


Water _.- 

Allranieii. .->..... 

Colorless  fat 

ReJ  f*i 

ExtrRciivQ,  lactic  atid,  aeivI  salu... 

I'hwiiliotes  of  litne,  mapieBio,  anii 

peruxidc  of  iron ...i^ 


T70!.OO 
»6.00 
73.00 
3l.4Ht 

20.00 

11.00 


1000.00 


850.00 
7fi.00 

10.00 

14.00 
12.00 


998.00 


Hoduiiur, 

"7SO,06~ 

99,00 

189,00 

9.00 

10,00 

13,00 


HWO-OO 


From  wliich  it  would  appear  that  the  percentage  of  water  m  grMteat  i|i 
the  early  periods  of  life,  and  that  of  phosphorus  in  the  adult.  Attention 
may  alao  be  di'awn  to  the  fact  that  the  percentage  of  phoaphorus  in  the 
brain  of  idiots  is  very  low.  It  alao  appears  that  the  constitution  of  the 
white  and  gray  portions  of  the  brain  is  diiicreni,  as  might  have  been  an- 
ticipated from  their  appearance,  the  color  of  the  latter  being  due  to  a 
brown  fat.  By  Home  it  ia  auppoaed  that  the  non-saponifiable  i'at  cho- 
lesterine  arises  aa  a  product  of  waalc,  and  that  the  phoephorized  oils,  as 
they  are  tcrmcdt  con.'jtitute  the  white  enveloping  cyhnder  known  as  the 
white  substance  of  Schwann,  and  that  the  interior  cyhnder  ia  a  nitrogen^ 
ized  but  non-phosphorized  body  ;  but  there  are  reasons  for  suspecting 
that  the  white  suhatancc  of  Schwann  ia  a  non-phosphorizcd  tat,  and  that 
the  axia  cylinder  contains  the  phosphorua  in  an  unoxidizcd  state,  prob- 
ably as  a  highly  phosphorized  protein  body.     Evcrv  thing  acems  to  in- 
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dicate  that  Scliwann's  substance  only  dlschnrges  tlic  physical  duty  of 
fin  isolator.  The  coincidence  between  the  varying  aclivity  uf  tUa  nerv- 
ous mechanism  and  the  varying  quantity  of  oxidized  compounds  of  phos- 
phorus in  the  urine  indicates  in  a  significant  manner  ihat  this  chemical 
element  bears  liomething  more  ihfin  a  passive  relation  tcj  the  processes 
going  forward;  and  its  known  occurrence  in  the  vesicular  structures,  to- 
gether with  its  eaLtraordtnary  chemical  relations,  would  prepare  us  to  ex- 
pect that  it  13,  in  reality,  intimately  concerned  in  »U  these  phenomena. 
Vesicular  nervoua  material  contains  much  less  laity  matter  than  the 

...  tubular,  but  much  more  water.     Thus  Haaff  and  Wahher 
Compatntiun  of  '  «   ,  -      ,. 

vciiiiruUr  m&L-   found  in  the  gray  aub.'^tance  of  the  brain  from  H5  to  86  per 

"'^'  cent.  oC  water,  and  only  from  4.8  to  4.9  of  fat;  but  in  the 

corpus  calloaum  ihey  found  70.*2  per  cent,  of  water^  and  from  14.5  to 
15,5  of  fat.  From  such  facta  it  would  appear  that  the  presence  of  fat  tn 
nervous  material  is  functionally  connected  with  ita  property  of  conduc- 
tion or  transmission  of  nervous  influence.  In  the  l>rain  of  a  child  which 
died  at  birth,  Schlossberger  Ibuikd  tluit  the  corpus  callosum  contained  as 
much  water  as  the  gray  matter,  and  that,  compared  with  the  brain  of 
adults,  that  of  new-bom  infants  is  richer  in  water  and  poorer  in  fat.  Von 
Bibra  ascertnine<l  tiiat,  within  certain  limils,  the  quantity  of  fat  is  con- 
stant in  the  brain;  that  a  diminution  or  increase  of  fat  in  other  parts  of 
se  ayslern  13  not  accompanied  by  any  chaaigc  in  the  quantity  of  brain- 
: ;  that  the  proportion  of  fat  in  the  brain  of  man,  other  manuual&t  birds, 
amphibia,  and  lishes,  diminisheii  in  the  order  in  which  tiieir  names  arc 
here  mentioned;  that  the  medulla  oblongata  contains  the  largest  per- 
cental of  fat ;  that  the  quantity  of  brain-fat  in  old  men  is  a  liiile  leas 
than  that  of  ad  id  ts  in  the  prime  of  life.  He  also  concludes  that  the 
amount  of  phosphorus  in  brain-fat  is  nearly  the  same  in  man,  other  mam- 
mals, and  birds  ;  that  its  percentage  in  tlie  brain  of  the  insane  does  not 
exceed  the  mean  amount  *,  that  the  vesicular  matter  contains  more  phos- 
phorus than  the  white ;  and  that  there  is  no  special  conne-ction  tfctween 
the  intelligence  and  the  amount  of  phosphorus  ;  that  tlic  amount  of  fat  in 
iho  brain  of  the  foetus  ia  mneh  less  than  that  of  the  adult,  the  difference 
being  made  up  by  an  excess  of  water,  but  tliat  a  great  and  sudden  aug- 
mentation of  (at  occurs  toward  the  end  of  fo'tal  existence, 

Out  attention  may  next  be  directed  to  the  methods  of  repair  of  the 
Mod*  of  recair  ■^*i*'C'il*r  structuTefl.  Their  waste,  as  just  established,  im- 
afnervoLu  pUes  tlicif  repauT.  Here,  as  in  the  muscular  tissues,  the 
'"  blood-vessels  conduct  both  operations,  and  the  mode  of  dis- 

oibution  of  the  capillaries  is  such  as  to  bring  the  circulating  current  into 
the  most  favorable  position  for  discharging  this  duty.  The  vesicles  are 
included  in  the  midst  of  a  network  of  capillaries,  and  it  is  believed  tlmf 
rhcrp  is  a  reeemblance  between  their  mode  of  growth  and  that  of  the  oeiUs 
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of  the  cpidGrmia;  that  is  to  stlj-,  fliej  arise  firom  nuclei  on  the  spaces 
which  are  nearest  to  the  supply  of  blood,  and  gradually  undergo  devel- 
opment as  they  prepare  for  'coiincction  with  the  tubular  tissue,  assuming 
the  place  of  cells  that  liave  discharged  their  function  and  are  undergoing 
disintegration.  This  gradual  passing  onward  and  wearing  away  rcealla 
the  changes  in  the  structure  of  the  cuticle. 

To  two  of  the  substances  thus  met  with  in  these  examinations  of  the 
nervous  syatem  our  attention  may  be  profitably  directed.  ,, 
These  arc  choleaterine  and  phosphorus.  Of  the  former  we  and  phnspho- 
can  not  have  failed  to  remark  that  it  is  a  constant  ingredient  ^""' 
in  the  product  of  the  action  of  the  liver.  It  is  a  lipoid,  and  is  found  in 
biliary  calculi ;  and  though  it  may  Le  regarded  in  one  sense  as  an  escie- 
mentitious  body,  since  it  occurs  in  fiecal  matter,  yet  it  also  appears  as 
a  normal  constituent  of  the  blood.  It  may  therefore  be  uiferred,  if  the 
opinion  of  Its  existence  in  the  white  substance  of  Schwann  be  correct, 
that  it  is  one  among  the  various  functions  of  the  Liver  to  prepare  this 
body.  Of  phosphorus  it  might  be  said,  that  it,  among  the  chemical 
elements,  is  most  strikingly  characterized  in  its  active  atnte  by  the  in- 
tensity of  its  affinity  for  oxygen.  On  this  depends  its  quality  of  shining 
in  the  dark,  a  quality  which  has  given  it  a  name;  but  by  many  agents, 
such,  for  example,  as  exposure  to  a  particular  temperature,  and  especially 
to  the  light  of  tlie  sun,  it  may  be  tliroivn  Into  a  condition  so  completely 
passive  that  its  chemical  energies  disappear.  The  doctrine  that  was  pre- 
sented in  explanation  of  the  destruction  of  one  part  of  the  eyatem  by  the 
air  introduced  by  respiration  while  another  is  protected  therefrom,  as  de- 
pendent on  the  allotropic  condition  of  those  parts,  is  presented  here  again 
in  discussing  the  destruction  and  repair  of  the  nervous  tissue;  for  it  is 
only  wlien  it  is  ready  to  be  removed  that  the  phosphorized  constituent 
assumes  the  active  state,  and  in  so  doing  gives  rise  to  the  development 
of  force.  On  tliis  view,  it  would  appear  that  such  phosphorized  com- 
pounds are  obtained  from  the  vcgetflble  kingdom  in  the  food  in  a  passive 
state,  the  tissues  of  plants  having  deoxidized  them  under  the  influence 
of  the  sunlight,  whicli  simultaneoualy  has  thrown  them  into  the  condi- 
tion of  inactivity,  and  perhaps  it  is  the  assumption  of  that  very  condition 
that  is  the  fundamental  cause  of  their  dcoxidation. 

By  the  aid  of  the  conclusions  to  wliicli  wc  have  come  respecting  the 
fiinction  of  nerve-tuljca  and  vesicles,  as  betrayed  by  their  an-  punciiona  of 
alomical  Btructure,  we  shall  not  have  much  difBculty  in  ex.-  o-jrvc-rdla «m1 
plaining  the  offices  of  nervous  arcs  presently  to  be  described,  ^id^rtii  ei«o- 
The  results  at  which  we  thus  arrive,  from  a  consideration  of  '^'^■'b'- 
ihose  ccUg,  are  singularly  fortified  by  the  electrical  experiments  of  GaK 
vani,  Volta,  Nobili,  and  especially  those  of  Volkraann.     Among  these, 
the  three  following  are  of  primary  importance : 
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Idt,  When  a  continnous  electrical  current  is  passed  along  n  ceatrifti- 
VvlkuMon'^  gal  nerve,  contraction  of  the  muscles  which  that  nerve  supplies* 
nuulu.  takes  place,  and  continues  as  long  as  the  cJectric  current  paas- 
Wt  wilUout  relaxation,  but  ceases  the  moment  the  current  is  stopped. 

2d.  When  a  continuoas  electric  current  ia  passed  through  a  ganglion, 
contraction  of  the  muaclca  supplied  by  the  centrifugal  nervea  of  that  gan- 
glion ensues.  These  contractions  do  not  alternate  with  relaxation^  and 
on  stopping  the  current  the  contraction  doca  not  ceaae  as  in  the  preced- 
ing cAs^t  but  19  continued  for  a  |»crioil  of  time. 

3d.  When  a  continuous  electric  current  is  passed  down  a  centripetal 
nervci  muscular  contraction  of  the  parts  supplied  by  the  corresponding 
contrifugiLl  nerves  occurs,  and  these  contractions  alternate  with  relax- 
ations. 

lu  view  of  those  facts,  we  ore  brought  to  two  concluaions :  First,  that 
there  in  a  property  in  tlie  ganglion  wliich  enables  it  to  hold  in  reserve  a 
portion  of  the  influence  brought  into  it,  so  as  to  keep  up  the  action  for  a 
period  of  time  after  the  original  dij^turbing  causes  have  ceased.  Second, 
that  the  structure  of  the  ganglion  is  Huch  na  to  permit  the  escape  of  the 
coming  influence  by  lateral  waj>;,  either  periodically  or  otherwise,  and  eo 
to  produce  firom  a  continuous  infiuenco  an  intermitting  effect. 

Recalling  the  Ihct  that  a  ganglion  is  made  up  of  nerve-tubes  and  vesi- 
cles conjointly,  these  electrical  results  must  find  their  solution  in  the  el- 
ementary Btructure  of  tEie  ganglion,  that  is  to  nay,  in  its  veaicolw  por- 
Uon ;  for  it  is  not  to  be  supposed  that  a  current  of  electricity,  such  as  wc 
are  here  considering,  would  ever  have  nu  opportimily  of  escaping  from 
the  axis  cylimler  along  which  it  passes.  The  isolating  quality  of  tht; 
while  cylinder  of  Schwann  would  prevent  any  such  effect.  It  is  not  nec- 
eeaary  that  we  should  cnibarrasB  ourselves  here  wiih  the  fact  that  elec- 
tric cuirenla  of  sufficient  intensity  could  make  their  way  out  from  the  in- 
terior channel  in  spite  of  its  insulating  investiture,  since  it  ia  only  with 
those  of  a  far  less  power  that  we  have  to  deal.  Arrived  in  the  vcsiel*', 
the  current  st  once  (llffuacH  itself  throughout  the  granular  material,  just 
in  the  same  manner  that  it  would  difl'use  throughout  a  spherical  conduct- 
ing mass  if  brought  to  it  by  a  wire,  and  ei^capc  therefrom  through  any 
numbi!r  of  similar  wires  that  might  chance  to  be  in  contact  with  the  con- 
ducting mass  beyond;  and  though  the  main  body  of  tlic  current  would. 
M  may  be  readily  proved,  under  these  circumstances  move  in  a  direct 
line  from  the  point  of  entry  to  the  point  of  exit,  there  would  be  nercrthc- 
loss  II  diffnsion  of.  part  of  it  through  the  conducting  mass,  no  portion 
thereof  remaining  unaffected.  In  a  good  conductor,  such  aa  a  metal,  tliis 
laterally  diverging  current  would  instantly  escape,  but  the  case  becomes 
very  different  in  the  less  [wrfectly  conducting  material,  the  granular  sub- 
stance within  the  eell.     As  in  the  secondary  piles  of  liitter,  which,  wbeu 
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brought  mto  contact  with  an  active  voltaic  circle,  participate  .  .  .^. 
in  all  its  qualities,  physiological  and  cliemical,  give  shocks,  tho  sp^nJury 
produce  tiecom  position  a,  and  continue  to  do  so  tor  a  time  aft-  ''^^^  "^  tut(*r. 
IT  the  original  inliucncc  ha*  ceased,  so  a  eimikr  conservation  occurs  in  the 
interior  of  the  vesicle;  and  this  I  consider  to  lae  ths  consequence  of  the 
■HfFerence  of  slructure  of  the  tibrous  axis  cylinder  and  the  granular  vesi- 
cle contents.  The  continuous  lines  along  ivhich  th«  influent  haa  been 
(Mming  terminate  on  reaching  the  vesicle,  and  ere  replaced  by  a  divided 
flnd  inferior  conveying  stmctarc,  a  structure  which  recalls  at  once  the  sec- 
ondary piles  of  Ritter  just  alluded  to. 

We  may  therefore  truly  say  that  these  electrical  expcrlmentg  ofler  ft 
striking  confirmation  of  the  trqth  of  the  conclusions  to  Colnddrnwof 
which  wc  have  come  from  tlie  study  of  the  anatomical  struc-  "nj'^il!i.^rica] 
tore  of  a  nervous  arc.  They  aBsure  U8  that  s  vesicle,  and  eiaminatiua. 
ihereforc  a  ganglion,  has  a  double  office  to  perform,  the  stopping,  reserv- 
ing, storing  up  a  pert  of  tlio  influence  which  is  brought  to  it,  and  also 
iheconveyingof  that  incident  influence  into  many  new  channels.  These 
conclusions  are  altogether  independent  of  any  concrption  of  the  nature  of 
ihe  nervous  agciit :  it  may  be  identical  with,  or  allied  to,  electricity,  or  it 
may  be  a  totally  different  principle.  It  is  not  that  (question  wiiich  we 
are  concerning  oiirselvea  with  now.  We  are  dealing  with  structure  and 
its  interpretation.  Whatever  our  views  may  be  of  the  nature  of  innerra- 
lion,  we  shall  find  ourselves  conatraincd  to  infer  that  tlic  delays,  diver- 
gences, detentions*  and  subsequent  surrender,  the  opportunity  of  diverg- 
ing (roni  one  into  many  new  channels,  or  conversely  the  conveyance  from 
many  lines  of  entry  into  a  single  one  of  exit,  with  all  the  accompanying 
interferences  and  reactions,  must  be  common  to  both  the  electrical  and 
the  nervous  agent,  for  they  depend,  not  upon  the  qualities  of  tlioiM  prin- 
ciples, but  upon  the  anatomical  structure  through  which  they  are  passing. 
With  these  remarks  I  proceed  to  an  exposition  of  the  typical  construc- 
tion of  the  nervous  system,  pointing  out  its  successive  com-  riypoihe«c»i 
plications.  The  hypothetical  diagrams  which  I  shall  now  '^^'^^^^l'°^,^X 
present  are  chieHy  for  the  sake  of  impreaaing  the  conclu'  srvism. 
aions  at  which  we  have  arrived  trom  a  consideration  of  the  structure  of 
the  nervou*  elements,  tibrous  and  veaicular,  the  experimental  detennina- 
lion  of  those  functions,  and  their  electrical  phenomena.  That  these  dia- 
grams are,  however,  somewhat  more  than  imaginary 
sketches,  will  be  obvious  from  a  consideration  of  the 
nervous  mechanism  of  the  articulnta,  which  oEfera 
striking  illustrations  of  them. 

The  simple  automatic  nerve  arc,  J^i/f.  122.  consistn 

of  an  afferent  or  centripetal  fibre,  a,  connected  contin- 

Hdipi«.."[iI«m.ii<:«<L      uously  with  an  efferent  or  centrifugal  fibre,  e.     An 
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impression  made  on  the  free  extremity  of  a  instantly  jirodnces  a  con- 
jp,>,.  IK,  traction  ill  llie  muscular  (iltre  viy  ivliicli  the  effe- 

rent branch  e  auppliea^      The  whole  force  is  at 
once  consumed,  no  portion  of  il  remaiijiiig. 

The  simple  cellated  nerve  arc,  Fig^  123,  con- 
sists of  a  ccntrijwtal  fibre,  a,  which,  receiving 
impressions  on  its  free  cxlremity,  conveys  them 
to  the  vesicle  v,  from  whicli  the  influence  passes 
forward  along  the  centrifugal  fibre  e,  causing  thr 
muscular  tibrc  «),  which  the  nenx  supplies,  to 
contract.  An  impression  raadiC  at  a  llierefore  produces  motion  at  m. 
Tiio  action  is  purely  autonwitict  and  a  part  of  the  force  is  stored  up  or 
remains  in  the  vesicle. 

In  th<3  figures  here  given,  the  centripctfl]  and  centrifugal  fibres  are  rep- 
resented apart.  In  fact,  liowcver,  thcj  may  te  considered  as  bound  to- 
gether, for  the  sake  of  compactnesfi,  witliout  there  being  any  fusion  or 
coalescence  of  structure  or  functions.  It  is  also  to  be  understood  thai 
the  free  extremity  of  the  centripetal  fibre  is  connected  witii  some  speciaJ 
mechanism  adapted  to  the  influence,  it  is  to  receive.  Thus  its  axis  cyl- 
inder may  be  naked,  or  connected  with  a  vesicle,  or  with  an  apparatus 
for  the  reception  of  lEghl,  or  sound,  or  heat,  or  pressure,  &c. 

Multiple  automatic  licrve  arcs  ttrise  from  an  arrangement  of  many  such 
simple  arcs  in  aucccsston  longiludinally,  as  in  2^ig^ 
124,  or  it  may  be  in  a  circular  order.  The  former 
case  is  presented  in  the  articulata,  the  latter  in  the  ra- 
diata.  Each  symmetrical  portion  of  the  animal  has 
its  own  nervous  arc,  but  as  sucli  symmetrical  portions 
arc  not  destined  to  live  an  independent  life,  but  to  act 
in  unison  with  the  others,  a  necessity  arises  for  cadi 
fltc  to  be  brought  in  relation  and  maintain  a  connec- 
tion with  tlie  otliers,  and  this  is  done  by  e^^tcnding 
feim  ganglion  to  ganglion  iibrcs  of  communication,  c,  c,  wliicli  may  Iiere 
ComniLssurfti  bc  Called  cotnmissurul  tibres.  8o  the  circle  of  ganglia  which 
*''"'*•  eurrounda  the  mouth  of  the  radiata  is  not  a  circular  arrange- 

ment of  isolated  ganglia,  but  a  ring  of  ganglia  and  commissures  conjoint- 
ly. Where  the  nervous  system  is  planned  symmetrically  on  the  tiro 
sides  of  the  mesial  plane,  tlie  ganglia  arc  conimissured  across  the  plane 
to  insure  a  reciprocity  of  action.  In  the  molluscs,  whose  organs  of  ani- 
mal life  show  this  bilateral  symmetry,  and  which  have  three  auch  gan- 
glia, the  cephalic,  jwdal,  and  pari e to-splanchnic,  each  13  cOmmisaiired  witli 
its  colleague  on  the  other  side  of  the  plane,  or  they  are  brought  up  to  the 
plane  and  juxtaposed,  the  commissure  then  disappearing,  but  their  bi- 
lobcd  aspect  betraying  their  separate  construction.     Tlic  coalescence  &c- 
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PL,  i2fi  quently  becomes  more  intimate^  and  all  traces  of  the 

origiiifil  double^  construction  disappear. 

Tlie  letters  remaiuing  the  same  as  in  the  preced- 
ing diagrams,  /%.  125  represents  the  manner  of 
commisBuring  acroaa  the  mesial  plane. 

As  illiiatratioiis  of  the  maimer  in  ■which  these 
mechanical  principles  ate  carried  out,  the  following 
'•^ "'  "^  *"°""'^«^-    figures  are  given. 
Fjt^iit,.  Fig.  12f>,  nen'ous  system  of  the  larva  of  the  sphinx  li- 

'tW^      guHtri,  showing  the  successive  arrangement  of  mul-  .I', 

tiple  nerve-arcs  from  1  to  11,  commiasured  ivitU  from  variom 
one  anotlicr,  and  all  with  the  cephalic  ganglion  '°""    ' 
17,  which  is  their  common  register. 

Wj-  iM.  Fig- 127,  the  pupa  condition  of 

the  same  itisect,  and  Fit^.  12S  tb« 
imago.     (Newport.) 

Fig.  123,  nervous  syBtera  of  the 

asterifls,  in   its  elementary  parts. 

It  consists  of  a  series  of  five  gan- 

__    glia,  g^  g^  circularly  arranged  round 
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KsTVUDii  ufiU'ra   NerrnnB  i;iu-iii  of    Kerv-uiii ninilfin of 

ofi«r»*iif  piiiin  ri(  Bj)hlii»  II-  in»«ipi«rBjihiinii- 

iipfaLiLt  lipiBlrl,    gmlrl,  BiiKri, 

the  mouth  of  tlie  animal,  and  giving  forth 
to  each  ray  a  pair  of  nerves.     (Tiedemann-) 
fivj,  m.  Fig.  130,  nervous  system 

of  patella:  /,/,  lateral  ganglia. 
commiasured  with  the  cephal- 
ic, which  is  between  them ;  t. 
the  transverse  or  Buba'sopha- 
N=r...„  .i.i,.,«  «f  g«ft*  giinglion,  commisaured  in 
f  ^"^  like  manner.      (Cuvicr.) 

Ftg.  131*  nervous  system  of  aepia  octo* 
pns:  c,  cephalic  ganglion;  o,  o,  optic  gan- 
glia; g,  subcesophageal  gangUon  ;  /,  ^  lat- 
eral stellate  ganglia ;  ff,  abdominal  or  via- 
ceral  ganglion.     (Cuvier.) 
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J^,  132,  nervous  system  o^  a{)lv-sia. :  d,  ao-  nr-  «■ 

tenor  guiglioa ;   c,  oepbalic :  /,  i,  lateral ;  y, 
jtbdoaiiiaL 

In  the  mecJiaiiic&I  iot^prvtaiioa  o£  tlie  nerr- 
fMHiiH  iif  ous  sjstan.  the  action  aC  oomrnw- 
«ennUwTu.  FonJ  stnnds  is  a  jwint  of  primarr 
impoit&noe.  It  may  be  said  thai  tbey  are  ior 
thti  purpose  of  drawing  oifft'romthe  nerre  azca 
part  of  the  iiiiiuencie  which  i^  cuoung  along  the 
oeatripetaltibre,aad  directing  it  intoa  new diait-  t' 
nd.  If  such  coarse  ill  nitrations  are  permis«i" 
Ue,  the  vesides  act  like  a  thn>?-way  t-ock.  or 
perhaps  like  a  piece  ot  looking-gliLss  with  a 
part  of  tlie  foil  removed  &T}m  its  miilst;  a  nm«mwjwemot»t''vf^ 
beam  0^  light  impinging  upon  it  is  tn  part  rftlected,  and  part  escapes  be- 
hind throngh  tlio  uncovered  s^tftce.  Though  I  have  described  the  simple 
collated  nervo  an:  as  coiitaiuin^  fssenti^lly  a  ganglion  or  vesicle,  it  is  not 
to  be  supiiosed  thjit  mclk  a  almcture  new^sarily  impn-sses  any  change 
go  the  incoming  inlluence.  Sitict*.  if  wo  irritate  a  centripetal  iibrp,  mus- 
uular  motion  may  criHUu  (nmi  pru'pa^liDU  of  that  irritation  throngb  the 
ganglion,  and  if  we  irritate  a  (vnlrit'ugal  fibre,  nmscolar  motion  ef|ually 
ensues,  it  is  quite  clear  tliat  in  ihe  so-called  action  of  reHoction  by  the 
ganglion  lher«  im,  in  reality,  no  change  in  the  induence  which  has  been 
brought  along  the  centripetal  tibre.  The  game  impression  on  any  part 
of  the  nervous  arc,  no  mutter  on  which  ^ide  of  the  ganglion  it  tn»y  be 
made,  will  produce  tlie  sttnic  muscular  result. 

Such  eonaiderations  iheret'orc  lead  us  to  suspect  that  nothing  takes 
\ctrfnike-  place  in  (he  ganglion  which  justllies  such  an  expression  as 
ciou.  (. gpt  of  reflexion"  or  "reflex  action, "*  terms  which  convey  an 

idea  that  the  influence  which  passes  in  the  two  branches  of  the  nervG 
arc  is  diiferent,  the  difference  having  been  cstabliahed  or  brought  on  by 
the  ganglion.  They  contirm  the  opinion  that  the  ganglion  lias,  for  one  of 
its  primaty  duties,  the  function  of  permitting  an  escape  of  the  influence 
passing  itt  the  interior  of  the  centripetal  fibre  into  new  diafineU  for  the 
establishment  of  new  results. 

In  the  simple  automatic  nerve  arc  the  impression  and  the  effect  are  in- 
icsUnUaeoiu  stantaneous.  An  irritation  ot"  the  centrijK'tal  brancli  pro~ 
4iSiMi  {I*  the  duces,  without  any  sensible  interval  of  time,  muscular  con- 

^"^  traction  llirough  the  action  of  tlie  centrifugal  braneli.  and  tliat 
contraction  ceases  the  moment  the  impression  is  o^-er.  But  the  open- 
S«MrT«du!tiim  ^g  out  of  the  nerve  arcs  by  the  introduction  of  a  veside 
etviuuititA.  pennits  a  part  of  the  influence,  whatever  it  may  be,  to  be 
drawn  oiF,  and  this,  now  (wsaing  along  the  commissural  line,  may  be  di»- 
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posed  of  in  two  different  ways :  Ist.  The  infliienco  thas  drawn  off  may 
be  instaDtancoualy  consumed  Of  utilized  by  exciting,  through  adjacent 
aimple  area,  synchronous  movements;  or,  2d.  It  may  be  held  in  reserve 
tor  future  use  by  belitg  carried  along  the  coramissuie  to  a  receiving,  or, 
as  I  may  tenn  it,  registering  ganglion. 

This,  therefore,  introduces  a  more  complex  mechanism,  which  may  bo 
designated  as. 

The  registering  nerve  arc,  tlie  typical  constrnction  of  which  ia  i-epre- 
eented  in  I*'i^- 1*53.  In  thig  we  have  the  R,^.3aipring 
centripetal,  (/,  and  centritugwl  fibre,  e,  as  be-  ■""'^'^  *"^ 
fore,  in  connection  with  their  central  vesicle,  v;  but, 
passing  trom  that  central  vesicle,  a  comniissural  fibre, 
(?,  offers  a  channel  of  escape  of  a  part  of  the  influence 
which  BO  reachea  the  registering  ganglion,  /■,  and  lunkes 
a  permanent  impression  upon  it  by  diatnrbing  its  con- 
dition physically  or  chemically;  and,  since  many  nerv- 
ous arcs  may  be  thus  commissured  upon  the  game  regiatering  ganglion,  it 
thuB  becomes  for  theni  &11  a  central  point  of  dejwsit  and  a  centre  of  com- 
mon action,  -^d  in  thle  maTiricr  not  only  is  a  temporary  Varinbio  «?f- 
iufluence  converted  into  a  permanent  impression,  but,  from  ["^ri^/iT' 
the  interaction  of  such  impressions  upon  one  another,  new  preHion». 
find  variable  results  arise.  Some  illnstrations  were  given  a  few  pages 
back  of  the  development  of  the  variable  from  tfie  invariable  in  the  case 
of  certain  oi'diiiary  physical  phenomena,  and  these  may  be  profitably  re- 
ferred to  again. 

A  modification  of  the  registering  n<;rve  arc  ia  presented  in  Fii}.  134, 
Fig.  1S4.  which  exhibits  the  suppression  oi  the  centrifugal  |^,„nro*siioii  of 
branch,  the  whole  inBuence  received  parsing  along  cpnirifugai 
the  commisBural  line  to  the  registering  ganglion.  "^^"''  ' 
This  condition  of  things  may  occur  when  the  centripetal  branch 
at  its  free  extremity  is  involved  in  a.  mechanism  of  special 
sense,  olfaclive,  ophthalmic,  or  auditory.  No  part  of  the  im- 
pression thus  received  ia  necessarily  e!C|icnded  at  once;  the 
whole  may  bo  thus  retained,  and  utilised  at  a  future  tinie. 
The  introduction  of  the  registering  ^nglion  is  ihua  the  in- 
troduction of  the  element  of  time  in  a  living  mechanism.  In  the  lower 
forma  of  arc  an  impression  is  instantaneously  expended,  in  this  it  is  pre- 
served. 

The  common  centre  or  register  of  whatever  impressions  have  been  re- 
ceive-d  by  tlte  special  sense  instruments,  olfactive,  ophthalmic,  or  auditoiy, 
as  well  aa  imprc&aiona  of  a  general  tactile  ktnd,  is  doubtless 
to  be  properly  regarded  aw  the  scnsorium.     Though  animals 

istituted  on  this  type  accompHsh  many  variable  actions,  that  variabil- 
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ifj  is  essentially  and  purely  automatic.  Aa  such  may  be  regarded  the 
instinctive  actions  of  bees,  any  two  of  which,  if  placed  under  the  same 
circuroatancea,  art  with  undeviating  certainty  in  the  same  way.  The 
whole  career  oi"Hfe  of  one  of  these  insects  is  the  whole  career  of  any  oth- 
er. They  build  their  comba  now  in  the  same  way  that  they  did  a  thou- 
sand years  ago ;  their  daily  doinga  arc  the  same  as  they  have  ever  been. 
Except  as  regards  n  particular,  hereai'ter  to  be  pointed  out,  they  may  be 
regarded  b,»  nutoinatcns. 

The  introduction  of  a  rcgiHtering  ganglion  necessarily  gives  rise  to  an 
Effbcmrrhcin-  extension  of  tiie  physical  relations  of  an  animal  by  coniiect- 
wiri"ierinV  *  '"K  '^^  present  existence  with  antecedent  facta,  for  the  gan- 
guglian.  glion  at  any  moment  contains  the  relics  of  all  the  impres- 

Bions  that  have  been  made  on  it  up  to  that  time,  and  tliese  exert  their  in- 
fluence On  any  action  it  13  fllxMit  to  set  up.  In  virtue  of  tltcm,  the  nerv- 
ous mcchaniBin  has*  now  the  power  of  niixlifyltig  whalcrcr  impressioiiF 
may  bo  made  on  its  centripetal  nenes,  and,  witliin  certain  limits,  of  con- 
verting tlieni  into  different  results.  Yet  still  the  automatic  condition  is 
none  the  Ic-iB.  distinct,  and  etill  the  immediate  source  of  every  action  ia  to 
be  found  in  external  iraprensioua. 

An  ituTcasing  complexity  of  nervous  stnicturc  is  next  evidenced  by  a 
Spnwn-and  division  of  the  registering  ganglion  into  two  portions,  which. 
m.jLuriob.-8.  ^.j^jj  gQ[j,g  incorrecttieas.  may  be  designated  s&nsory  and  mo- 
tor lobea,  a  dinsjon  which  is  projmratory  to,  and,  indeed,  obviously  con- 
nected with,  the  introduction  of  a  totally  new  method  of  action  and  source 
of  power. 

In  J^i^.  135  we  Imve  an  ideal  sketch  of  this  new  condition  of  things. 
The  letters  used  in  the  preceding  caacs,  in  this  refer  again 
to  tho  same  parts.  Hut  now  it  ia  seen  in  addition  that 
the  registering  ganglion  baa  assumed  a  bilo3>ed  as[>ect, 
e  m,  the  letters  respectively  indicating  its  sensory  and  mo- 
tor portions,  or,  to  us?  the  language  of  human  anatomy,  a 
thalamus  and  corpus  striatum.  Kroni  these  there  branch 
off  commissural  lines,  radiating  to  a  hemispherical  collec- 
tion of  vesicular  matter,  c  c,  the  representative  of  a  cere- 
brum. 

Assimiirg  the  registering  ganglion  as  a  centre,  the  arc- 
like  arrangement  on  either  side  of  it  is  symmetrical,  as  is  shown  in  Fig. 
Tli6  itifluen-  135-  And  since  it  wiJl  facilitate  our  consideration  to  intro- 
UJ  »rc.  A^ct  here  distinctive  terras,  I  shall  designate  the  external  are, 
which  is  in  relation  with  the  eslcrnal  world,  as  the  automatic  arc.  and 
ihc  inner  one,  which  is  in  relation  with  the  cerebrum,  the  inHuential  arc 
Throughout  this  work  I  have  constantly  assumed  the  existence  of  an 
intellectual  principle,  spirit,  or  soul,  whose  links  of  connection  with  the 
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external  world  are  the  aensoiy  ganglia  and  the  cerebral  EvidrnMoniiir 
liemEsplierea.     We  may  now  proHtalily  inquire  whether  any  «is(eiiwofii» 

^    ,  ■      t    X     ^n     e,.  .,  e      \  .  Mill  derivvri 

argument  m  whalr  or  t!ic  existence  or  uucJi  an  agent  may  fn,,,,  rert-iirai 
be  galJiered  Irora  the  anatomical  and  physiological  tacts  just  "Lruciura. 
presented,  or  whether  vre  must  aiasiuine  it  as  a  postulate,  relying  lor  proof 
on  evidences  of  a  totally  different  cliaracter  to  those  wliich  are  prcaentcK' 
by  the  Bciencc  now  engaging  our  attention.  It  is  to  be  greatly  regretted 
that  evidence  drawn  from  etruttural  arraiigeincnt  has  liitherlo,  by  vcrj' 
high  authority,  either  been  totally  cast  aside  or  held  in  very  light  esteem. 
It  is  still  more  deeply  to  be  regretted  tliat  those  who  should  have  known 
better  have  conceded  the  argument  that  from  no  consideration  basc^l 
Upon  anatomical  or  structural  nrrangenient  could  proof  be  obtained  of 
the  exiHtencc  of  an  imnsalferial  principle.  Even  by  such,  the  study  of 
physiology  has  been  designated  as  leading  to  materialism,  and,  with  an 
injustice  which  can  not  be  too  omphatioally  reprobated,  the  scandal  has 
often  been  quoted,  lliat  where  there  arc  iliree  physicians  there  are  two 
atheists. 

Bat  what  if  it  should  turn  out  that,  from  the  study  of  the  cerebral 
meclianistii,  distinct  proof  can  be  obtained  on  this  point — pioof  of  just  as 
cogent  a  nature  in  support  of  the  dortiine  Ol"  the  existence  of  the  30ul 
as  that  which  we  have  of  the  existence  of  the  external  world,  and  of  pre- 
cisely the  aame  character?  Without,  therefore,  occupying  myself  with 
such  other  evidence  as  might  he  drawn  from  theologieal  or  metaphysical 
sources,  and  wiiich  are  therefore  extraneous  to  the  object  of  this  work,  1 
flhflll  proceed  to  point  out  such  considerations  as  naturally  otTer  lliero- 
selves  to  our  minds  when  wc  recall  the  general  striicture  of  the  nervous 
ajiparatus.  Repeating,  therefore,  such  facts  as  may  be  neccaaary  for  the 
proper  understanding  of  this  interesting  argument,  I  present  it  as  follows: 

The  simple  ccUated  nervous  arc  consists  essentially  of  these  portions, 
a  centripetal  fibre,  a  vesicle,  and  a  centrifugal  fibre ;  the  cen-  AuiomBtie 
tripetal  iibre  may  have  at  its  outward  or  receiving  extremity  (neclfnuisni  of 
vesicular  or  cellular  material.  Thus  constituted,  this  rae-ch-  '  "'^"'^ ""' 
anisni  is  ready  to  receive  esternal  innprcssiona,  which,  if  such  language 
may  be  appropriately  used,  are  converted  or  rcflwted  in  part  by  the  gan- 
glion into  motions,  and  the  residue  retained.  But  the  arc,  viewed  by  it- 
self, is  a  mere  instrument,  ready,  it  is  true,  for  action,  but  poBsessing  no 
interior  power  of  its  own.  It  ia  as  automatic  as  any  meclianical  con^ 
trivance  in  which,  before  a  given  motion  can  be  made,  a  certain  spring 
must  be  touched. 

The  essential  condition  of  the  activity  of  such  a  neirous  arc  is  there- 
fore the  presence  and  influence  of  an  external  agent — a  some-  „     . 
thing  which  can  commence  the  primitive  inipn^ssion,  for  with-  exiereai  t^en^ 
out  it  the  nieclmnism  can  display  no  kind  of  resalt.     More-   "'*'^    "• 


fnBOtAOICAI.    rWIUILEJA 


brtsceu  the 

nan  wiili  it,  k 


rffe. 


DAture  of  that  .agGnt  and 
strikingly  illastrated 


Thaa  tfae  pciipbaxt  extremitiea  of  the 
:  in  a  coBfaiiMtioii  of  a  pttrel^-  phjB- 
At  impnties  of  ^hl :  tW  convex  por^cel 


Ieii0«t^ 


atic  iris,  the  interior 


<fUKk 


deaii'v 


K  atr  all  sCiiictiires  the  object  of  wiiidi 
Wc  knov  that  the  nrs  of  %ht  mvLst  undergo 
"■^— ■  "po*  vUdi  tbej  are  incident^  and  de- 
Hi  immm  «b  ifce  ictina  or  Uack  [ligin'entt  the  iiia 
taat  BiBT  fae^  to  regulate  the  entrance  of 
Sb  o^pktdtjr  Ai  ire  admit  tiiis  prindple  of  an 
«f  ametHv  to  the  natoie  of  the  agent  wliich  is 
to  AH  It  Ok  aclivitr^  thM  in  this  |i*Tti(:nlar  itistaoce,  without 
ere  maoag  optical  instiimieiits.  and  includa 
il  I^^J^ilJ^l.  Bmi  in  the  eame  nuuiner  ihit, 
pufntiea  of  ^it>  «re  advance  to  the  ex- 
Hi  of  ^  Tarions  parts  of  the  eye^  theic  can  be 
•£  tUs  aaethod  di*  teasoning  would  be  possi- 
pCHm,  who,  fiwD  a  full  consideration  of 
tft*  aawtMg  «S  thit  <vik  Blight  dMenuK  the  propertie;^  of  light,  guided 
itt  liaMigr  lM»  %  lh»  |nei|lt  Ifait  tfen  iaiiaI  be  an  adaptation  betw^n 

rtiiB;  and,  in  the  aame  maiiiier,  a  man 
hlvk  af  an  iBtelievt  o£  great  capacity,  might  doubtieaa, 
il  mmtf  01  the  coBstraebon  of  the  ear,  determine  the  na- 
TUvf,  w^B  ■ORk  ik  IB  not  impossible  ibat  lie  should  lie 
tlogi^wtkApln^caipKnliarity  ofthe  movements  which 
L  «  Mnd  niMMtiiili  and  to  demonstrate  tliAt  these 
mmL  aad  tfeiae  m  traosverse  vibrations. 
Sqv  t^Rlunb  thaSB  pnUvH  present  thnii&)fh'es  under  a  doable  aspect, 
!te««tf^  awd  w>  cbmUb  both  uf  a  direct  and  nn  inveiae  aolution: 
i^.ftl?S!.  CSiv«i  the  aifwii  of  light,  to  determine  wtiat  must  necessarily 
iiv«>  be  the  eoutnetioii  of  tbe  oigau  <tf  vision ;  or,  Givz-a  the  con- 

•tkwtim  of  tba  ^ye.  to  iktonninr  what  is  the  natiirc  of  light ;  and  the 
MAM  m^t  be  amid  of  the  oi|>an  of  hcariiig.  This  inverse  method  of 
mating  oaliiral  agents  ia  ettll  in  its  tnfaDcy,  because  of  the  extreme  im- 
periectKn  of  onr  knoirledge:  bat  doabtlesa  what  has  Wn  said  ^11  re- 
call to  tfaa  mind  of  the  te^rr  the  parallel  vxaniple  which  ts  furnished  by 
gatroataay^  and  which*  within  a  few  years  past,  has  yielded  such  a  aplen- 
diJ  result.  The  mass  of  a  phuiet  being  known,  the  perturbations  wliidi 
it  oan  cause  ia  aiioilier  are  capable  of  direct  compulation,  but  it  was  m- 
i^ved  fstt  Leverricr  to  di«eu»8  the  inverse  problem,  and  from  the  per- 
ns to  find  (lie  plnce  of  the  pUnet.  The  discovery  of  Neptune 
esnlt. 
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Now  the  problem  we  are  dealing  with  is  of  tliis  inverse  kind.  It  may 
be  stated.  Given  the  etnicture  of  the  cerebrum,  to  detemiine  the  nature 
of  the  agent  that  seta  it  in  action.  And  herein  the  fact  which  chiefl/ 
guides  us  is  the  ahsolule  analogy  in  construction  between  the  clementarj' 
arrangement  of  the  cercbrura  and  any  other  nervous  arc.  In  it  we  plainh 
recognize  the  centripetal  and  centrifugal  tibre-s  and  their  con-  EM^mnl  infln- 
vergence  to  the  senaory  ganglia,  the  corpus  striatum  and  f ""i,'^''' a^'' , 
optic  thalamus;  we  notice  the  vesicular  material  at  their  tiaiarc. 
external  periphery  as  presented  in  the  convolutions  of  the  human  brain  : 
and  if  in  other  nervous  arcs  the  structure  ia  merely  automatic,  and  can 
display  no  phenomena  of  ilgelf*  but  Tcquires  the  influence  of  an  extcnial 
agent — if  the  optical  apparatus  be  intirt  and  without  value  save  under 
the  influences  of  light — if  the  auditorj'  apparatus  j-ields  no  result  savi- 
Uuder  the  impressions  of  sound — since  there  is  between  these  atrnctnrew 
and  the  elementary  structure  of  the  cerebrum  a  perfect  analogvs  -we  ari^ 
entitled  to  come  to  the  same  conclusion  in  this  instance  as  in  those,  and. 
aesertnig  the  absolute  inertnesa  of  the  cerebral  structure  in  itself, 
to  impute  the  phenomena  it  displays  to  an  agent  as  perfectly 
cstemal  to  the  body  and  as  independent  of  it  an  are  light  and  sound, 
and  that  agent  ia  the  soid. 

It  would  not  comport  with  the  object  of  this  work  to  pursue  this  ar- 
gument in  its  details,  yet  I  can  not  forbear  observing  that,  even  so  far  aft 
we  have  already  advanced,  the  point  whicli,  after  all,  ie  of  the  utinoBt 
importance,  is  completely  atljtined.  Those  who  have  accused  phyBiolog)' 
of  tending  toward  materialism  have  never  doly  weighed  the  accusation 
they  make,  and  certainly  have  never  understood  the  nature  of  the  argu- 
ments it  can  present ;  for  anch  as  the  one  here  imperfectly  set  forth,  from 
their  tangible  nature,  will  commend  themselves  to  many  mind.a  who  An 
not  appreciate  the  strength  of  purely  metaphysical  arguments,  and  herein 
they  may  become  subservient  to  the  highest  and  most  enduring  intcreatf 
of  our  race. 

And  thus  it  may  be  proved  that  those  actions  which  we  term  intellectual 
do  not  sjiring  from  mere  matter  alone,  nor  are  they  functions  ,  . ,  .„jp„„ 
of  mere  material  combinations;  for  though  it  ia  indisputably  ams  imjiwrini- 
truo  that  the  mind  seems  to  grow  with  the  bodily  structnrCi  "^  *'^  "^"  **"' " 
and  declines  with  it,  ejthibiting  the  full  perfection  of  its  powers  at  the 
period  of  bodily  maturity,  it  may  be  demon stratc<l  that  all  this  arises 
from  the  increase,  perfection,  and  diminution  of  the  instrument  through 
which  it  is  working.  An  accomplished  artisan  can  not  display  liis  power 
through  an  imperfect  tool,  nor,  if  the  tool  ehould  be  broken,  or  become 
uselcaa  through  im(Ki[inneut,  ts  it  any  proof  that  the  artisan  has  ceased  to 
exist ;  and  so,  though  we  admit  that  there  is  a  correspondence  between 
the  development  of  the  mind  and  the  growth  of  the  body,  we  deny  that 
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it  follows  from  that^  either  that  the  mind  did  not  pre-exist,  or  that  the 
death  of  the  body  implies  its  annihilation. 

If  it  fell  within  the  compass  of  our  plan,  we  might  proceed  to  consider 
-  .  .  how  far,  giiiw  tiiG  mind  ca-n  act  npOn  cstemal  nature  through 

•peeling  tbo  the  intervention  of  the  bodily  meclianism,  the  converse  is 
•^^•ntcruir-  possible;  how,  since  the  face  of  things  around  us  can  be 
•4  by  itiiientnt  changed  by  our  voluntarj'  exertions,  the  iiitellectuaJ  faculties 
may  be  changed  by  the  action  of  external  nature  through  the 
bodily  mcchaniflm.  And  aincc  we  have  established  the  existence  of  the 
intellectual  principle  as  external  to  the  body,  we  might  proceed,  for  now 
we  are  entitled  so  to  do,  to  reason  respecting  ita  nature  from  the  phenom- 
ena it  displays.  I  do  not,  however,  propose  to  enter  on  those  considera- 
tions now,  and  shall  close  these  remarks  with  a  reference  to  some  doc- 
trine proposed  by  the  most  highly-advanced  and  intcHeetUfll  portions  of 
the  human  family. 

It  is  said  that  the  spirit  of  man  is  created  in  the  image  of  (iod,  an  ob- 
servation strikingly  tlhistrated  by  the  tact  that,  aa  regards  botli,  two  es- 
sentially different  doctrines  Iiavc  Ijeen  held^the  pantiieialie,  by  some  of 
the  most  highly  advanced  of  the  Asiatics,  and  the  anthropomorphic,  by 
the  Europeans.  The  pantheistic  supposes  the  human  soul  to  be  a  part 
of  the  Deity,  anrl  therefore  devoid  of  form  ;  the  anlhropomorpliic  as  hav- 
ing the  likeness  of  the  body.  The  Asiatics,  then^  regarding  the  Deity  as 
a  principle  diffused  in  and  throughout  nature,  consider  the  spirit  of  man 
aa  a  part  or  portion  thereof,  and  often  use  such  illustrative  allusions  as 
tlioso  of  a  drop  of  wafer  in  the  ocean,  a  spark  of  a  universal  and  vital 
flame;  or,  if  tlicy  do  not  accept  this  view  of  a  onencas  in  the  nature 
spirit  and  Deity,  they  regard  the  former  as  arising  in  some  manner  from 
the  latter,  just  aa  waves  may  exist  upon  the  sea,  or  sounds  may  arise  in 
the  air.  They  believe  that  at  deatii  there  is,  as  it  were,  a  reunion  of  the 
part  with  the  whole,  as  every  drop  of  water  sooner  or  later  flnda  its  way 
back  to  the  aea,  or  waves  become  quiet  and  disappear,,  or  soiuids  die  awayj 
in  the  air. 

But  with  Eurojrean  nations  there  has  been,  ftflm  their  very  infancy,  a 
tendency  to  the  anthropomorphic  conception.  The  barbarians  Iwlore  the 
Eloman  empire,  in  Iheir  legendary  fables,  accepted  the  idea  of  disembod- 
ied spirits  under  the  shape  of  men,  and  through  the  inten-ening  ages  up 
to  our  own  times,  audi  notions,  under  various  forms,  have  Ijecn  held. 
The  rural  populations  entertain  an  undoubted  faith  in  fairies  and  ghosts, 
80  that  it  might  bo  asserted  that  this  manner  of  viewing  the  thing  is 
almost  natural  to  us.  We  instinctively  represent  to  ourselves  in  this 
Way  the  immaterial  principle,  and  in  the  case  of  each  individual  expect  a 
Correspondence  between  it  and  his  Iwdily  form.  Whatever  may  be  our  i 
authority  for  arriving  at  such  a  conclusion,  there  can  be  no  doubt  that  it 
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80  specializes  and  inteii^lBes  our  ideas,  and  is  ao  connected  with  many 
of  our  most  higlily  cherished  recoUeiitions,  that,  even  were  tlio  evidence 
in  its  behall'l'ar  ■weaker  than  it  actually  is,  we  should  look  without  favor 
on  any  atti-:mpt  to  invalidate  the  doctrine,  and,  if  forced  to  do  so,  should 
abandon  it  with  regret.  The  pantheistic  ia  a  grand  but  cold  philosoph- 
ical idea;  the  anthropomorphic  embodies  our  recollections,  and  restofea 
to  us  our  dead.  The  one  Ig  the  dream  of  the  intellect,  the  other  is  tbe 
hope  of  the  Iieart. 

We  have  tlms  traced  out  tlie  esscnttal  elenieiita  of  the  nervous  ma- 
chine in  its  higliGvSt  complexity,  and  shown  its  gradual  rise  imp^rTttii-on 
from  tlie  purely  automatic  to  the  influential.  We  may  there-  "J  H,v«'!i''«.''" 
fore  comprehend  the  diflieultieft  under  which  metapliyaicians  tiuna. 
labor,  who  confound  all  these  parts  and  all  these  functions  together^  and 
pass  over  aa  of  no  account  the  guiding  instructions  which  are  furnished 
by  the  study  of  structure.  It  ig  not  difficult  for  the  physiologist,  en- 
lightened by  the  knowledge  he  possesses,  to  recognize  the  various  points 
at  which  these  phiJoeophcrsi  go  a-slray — the  point  at  which  their  theories 
cease  to  be  representations  of  tiic  truth.  He  acknowledges  the  existence 
of  an  external  nature,  and  equally  the  cxistE;ncc  of  an  immaterial  spirit, 
and  to  tlieir  action  on  or  relation  to  each  other  he  traces  the  resulting 
phenomena.  He  admits  that,  among  certain  classes  of  life,  every  motion 
and  every  sensation  is  due  to  external  nature  alone,  but  to  tbe.ae  purely 
automatic  groups,  man  docs  not  belong.  He  repudiates  the  doctrines  of 
the  idealist,  because,  though  tliey  may  maintain  themselves  in  the  uncer- 
tainties of  metaphysical  argument,  they  are  dissipated  at  once  in  the  more 
^vere  trial  of  anatomical  discussion. 

There  are  two  fundamental  ideas  essentially  attached  to  all  our  per- 
ceptions of  external  things:  they  arc  space  and  time,  and  Prtvijioninibr 
for  these  an  early  provision  ia  made  in  the  nerT,-ou3  median-  j^^  jj^^/o/'^^'" 
iam,  while  yet  it  is  in  an  almost  rudimentary  state.  The  BpnccunJ  timt. 
development  of  the  eye  and  the  car,  as  wc  shall  more  particularly  find 
when  wc  niome  to  the  description  of  these  organs,  is  for  this  purpose.  In 
a  philosophical  respect  the  eye  Is  tlie  organ  of  space,  and  the  ear  of  time: 
the  perceptions  of  which,  by  the  elaborate  mechanism  of  these  structures. 
become  infinitely  more  precise  than  would  be  possible  if  the  sense  of 
toucli  alone  were  resorted  to.  The  indications  thus  gathered  are  trans- 
mitted by  the  optic  and  auditory  nervea  respectively  to  the  brain. 

In  its  highest  condiflou  of  development,  the  nervous  mechanism  has  n 
threefold  operation,  objective,  subjective,  and  imperBonal.  Objective,  lab- 
Objective  ideas  ajnae  in  external  facts ;  subiective  in  rea-istcr-  J*'-'"^"-  ■"'^ 

J  '  J  &■  ttrl|)etSOail]  of>- 

ed  impressions ;  the  inipersonp,],  as,  for  example,  the  abstract  cratiooB. 
truths  of  geometry,  issue  of  pure  reason,  and  are  therefore  to  be  attrib- 
uted  to  the  essential  nature  of  the  aoul.     Of  these  three  elementary  con- 
stituents oil  human  knowledge  consists. 


TEf«ncC8  or  oasguqsic 


As  rea^eeiB  snljectire  or  zr^xsteied  ia^HMiHi,  a  frw  iupbiI^  nmj- 
ni«««tion.c*  l*l»^«««^     •IV««i»Di*l».4«l*»fcirttfce«,5iitey, 

tLe  mUjn  if   of  illl|»ll  MMIIIII  mTT^TCS   «   STtoal  Ml  Miami  cft^ige   IB 

Isprrvftmii  gangUoBt  vUch  IS  of  ft  pcnBUKiiicABitfa;.  IIm 
maj  be  nulelyftod  impafcc^iUaiiixtedlif  cxpovarta^aaefcaa  Ipob- 
lisbed  j-euv  ^o,  of  wWli  the  Ibllowiiig  auj  be  takes  m  cMinptej :  If, 
pn  a  cold.  poUsbed  piece  of  mdal,  sot  object,  u  a  'k^^ct.  is  Uid,  aiiii  t^ 
metal  iLea  be  tAcatbed  upmv  an4,  whim  tbe  moiston  has  hmA  tim«  lo 
disapfiear,  ifae  wa&r  be  ikrovn  ofl^  tfaoagfr  maw  qna  tW  fofahwl  hd^cp 
ihe  most  crilicB]  "ypM^Mp*  cm  djeeorer  no  tiace  of  an"  ftnn,  if  tt 
breathe  apon  it  ■  upectra]  figure  of  the  infer  oones  iato  vinr,  and  tbujj 
may  be  done  again  and  agutk.  Xar,  even  more :  tf  the  polished  nttai  be 
caicfiiily  pot  ande  where  nothing  can  deterionte  its  wttAeb^  wmi  be  so 
kept  far  tnua.y  toMiths  (I  Larc  witiie«9ed  it  eren  aAer  a  yeaat,  on  brcath- 
t&gagiiDi  upon  it,  tbe^  ehudowT  iorm  emetges;  or,  if  a  sheet  of  paper  on 
which  a  key  or  olber  object  ta  laid  be  earned  lor  a  few  moOKfits  into  the' 
sunahme,  and  then  iii5tanIaneoiialy  riewed  in  the  dark,  the  key  being 
siniultaiieonaiy  zenunvd,  a  jading  speetie  of  the  key  oa  the  paper  will  be 
aeeD ;  and  if  Hx  paper  be  put  away  where  nothing-  can  dbturfa  it,  and 
oo  kept  for  many  months,  at  the  end  thereof,  if  it  be  canied  ioio  a  dark 
place  and  laid  on  a  piece  of  hot  metal,  the  spectre  of  (be  key  will  eoror 
forth.  In  the  caee  ofbodica  more  higblr  pLospborcscenf  than  paper,  the 
spectres  of  many  different  objectja  which  may  have  been  in  miccessi'oii 
laid  ori^tially  thereupon  will,  on  warming,  emerge  in  thar  proper  order, 
i  introduce  these  iUastrationa  for  the  purpose  of  showing  how  trivial 
are  the  impressions  which  may  be  thus  registered  and  preserved.  In^ 
deed,  I  believe  that  a  shadow  never  tails  npon  a  wall  without  lea\'injr 
thereupon  its  permanent  trace^-a  trace  which  mi^it  be  made  visible  by 
resorting  to  proper  proceasee.  All  kinds  of  photographic  drawing  are  in 
their  ilegTee  exaioplea  of  the  kind.  Of  the  moral  cooswjiieDcea  ol"  snch 
facta  it  is  not  my  ohject  here  to  speak.  The  world  woold  be  none  Ibc 
worse  if  eveiy  secret  action  might  thus  be  made  plain.  Bat  if  on  anch 
inorganic  surtaces  imprcasiona  may  in  this  war  be  preser\-ed,  how  mucli 
mure  likely  is  it  that  the  same  thing  occurs  in  the  pttrijosely-conatituted 
ganglion :  Not  that  there  is  any  necessary  coincidence  between  an  ex- 
ternal fonn  and  its  ganglionic  impression  any  more  thin  there  is  he^ 
tween  the  tetters  of  a  message  delivered  in  a  teleeraphic  office  and  the  sig- 
tnkrpreuuun  ^"*'*  which  the  telegraph  gives  to  the  distant  statiou,  yrl  theat' 
iit  tathwn-  signals  are  easily  retranslated  into  Ihe  ori^nal  words — no 
*°^  more  than  there  ia  between  the  ktters  of  a  printed  page  and, 

the  acts  or  scenes  they  may  chance  to  describe,  but  those  letters  call  uf 
with  clearness  in  the  mind  of  ihe  reader  the  events  and  scenes.     Indeed;' 
the  quickness  with  which  the  mind  interprets  such  traces  or  improssions'l 
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in  its  registering  ganglia  ig  Ulustrated  bj  the  rapidity  with  which  we 
gatbo-  the  sense  of  a  printed  page  without  individualizing  each  of  the 
letters  it  contains,  or  as  a  skJiltVJ  accountant  runa  his  cje  over  a  long 
column  of  figures,  and  seems  to  come  by  intuitiou  at  once  to  the  correcl 
sum.  The  capability  which  we  thus  possess  of  determining  a  final  per- 
ception or  judgment  of  residtB,  without  dwelling  on  the  inlcrmeiliatu 
traces  or  steps,  is  also  illuatratcd  by  our  appretriation  of  music  withoul 
concentrating  ourthoughta  on  the  time  and  intenaitiea  of  Hbration  or  in- 
Jerfercnccs  of  the  notes,  though  theac  mathematical  rclatiotia  are  at  the 
very  bottom  of  the  harmony;  and  cotisptcuously  does  the  Supreme  In- 
telligence, God,  reach  with  unermig  truth  to  every  linal  result  without 
any  neceaaary  concern  in  the  intermediate  steps, 

From  the  preceding  considtrnlionp  we  may  infer  that  there  is  a  neoea- 
sary  limitation  of  the  amount  of  impref^sions  capable  of  being  ... 
registered  in  the  organism,  and  therefoTe,  in  this  regard,  all  oriiLman 
human  knowledge  is  finite.     Yet  its  term  is  much  farther  ofl'  ^"^"•'"'e^' 
liian  might  at  tirst  siglit  appear.     A  library  of  a  given  gixe  m»y  Only  be 
able  to  contain  a  given  number  of  books  upon  its  shelves,  but  the  amount 
of  inlbrmation  it  ia  capuble  of  containing  may  be  made  to  vary  with  the 
condensation  and  [serspicuity  of  the  books. 

In  tlie  Iiypothetical  language  of  physiology,  the  nervous  centres  arc 
spoken  of  as  the  origin  of  the  nervous  influence  or  force.     A  c^nciuaioa  re- 
close  examination  of  the  phenomena  lhev  display  leads  ua,  Bp-jctiiigihi! 
,  ,  .  ,  .  .  .* ,  .  ,    sponlantous 

however,  to  receive  such  an  impression  with  a  certain  amount  functicin  or 
tif  limitation.  Most  of  tJie  ganglia  produce  no  motor  im-  GinBi'i- 
pulses  except  under  the  action  of  extenjal  impression,  and  under  the  ei- 
emeutary  riew  we  have  just  presented  regarding  the  function  of  thf 
brain,  the  Bame  renifirk  applies  even  to  it,  nince  the  immaterial  principle, 
whose  instrument  it  ia,  must  be  regarded  as  an  agent  distinct  from  it, 
imd  in  that  respect  external.  Indeed,  the  cases  in  which  the  nervous 
■centres  iseem  to  display  the  quality  of  sponfoneoualy  originating  force  are 
ao  few,  and  in  their  nature  so  doubtful,  that  we  are  almost  entitled  to  dis- 
regard them.  For  example,  the  gangUa  of  the  heart  are  by  some  sup- 
poeed  to  cause,  by  their  own  inherent  power,  the  contractions  of  that  oi^ 
gan,  which  in  cold-blooded  animalp,  long  after  it  has  been  excised,  will 
i-nntinue  its  rhythmic  motions.  But  it  is  far  more  agreeable  to  the  anal- 
ogies of  the  nervous  system  to  regard  these  cardiac  ganglia,  not  as  orig- 
inatora  of  power,  but  as  merely  depositories^  reser\-oirs,  or  magazines  of 
it.  There  is  notliing  more  extraordinarj-  in  their  ability  to  keep  up  the 
motions  of  the  organ  with  which  they  are  connected  than  there  is  in  the 
subsidiary  s{)ring  of  a-  chi-onometer,  which  maintains  the  movement  of 
that  instrument  for  the  period  during  whiub  the  action  of  the  mainspring 
is  taken  off  while  it  is  b^g  wound  up.     Yet  the  mainspring,  and  the 
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subsidiarj  spring  too,  derive  their  mechanical  power  originally  from  thip 
force  which  has  wound  up  tlie  chronometer.  In  thig  particular  of  the 
storing  up  of  power  for  its  utilization  m  the  time  of  need,  the  "whole  gan- 
glionic or  BTiiipatbetic  system  of  nerves  may  be  taken  &&  the  great  ex- 
anxplo. 

The  conveyance  of  an  impression  through  the  great  nervous  centres  is 
?t  woftiiQ  "'*^^'^  complicated  than  it  Is  tlirough  the  nerve  trunka.  It 
ncUon  of  injrvs  may  b«  conducted,  if  of  sufficient  intensity,  through  one  gan- 
4!ciitre9.  glion  after  another  in  succeaaion.     The  intermedium  through 

which  this  is  done  ig  probably  the  nerve-tubes  in  a  majority  of  instances, 
thougli  perhaps,  in  those  casea  in  which  a  longer  period  of  time  is  occtt- 
pied,  it  may  be  rather  from  vesicle  to  vesicle  than  through  the  tubes. 
Impressions  may  Ire  tlius  transferred  from  one  set  of  tubes  to  others,  or 
L'aiiv«ymiM  of  they  may  be  dittused  from  a  nerve  centre  to  many  tubes 
itiroi«L'"^n-  "J'OLii'^'  ""d  so  produce  a  wider  circle  of  influence.  That 
ire*.  transfer  of  impresisions  tVora  centripetal  to  centrifugal  fibres 

ich  hag  been  previoi»sly  described  as  reflex  action,  though  commonly 
ravohuitary,  may  in  many  instances  be  governed  by  a  direct  exertion  of 
the  wilL  Thus  the  respiratory  movements  for  the  introduction  of  air 
may  bo  controlled  to  a  certain  extent^  as  in  holding  the  breath,  but  this 
ia  only  during  a  abort  time,  for  the  necessity  of  pormittiug  tlic  normal 
action  to  occur  presently  becomes  inauperable.  Of  reflex  actions,  the 
luiyority  are  obviously  for  the  aceompltshment  of  some  sjHieial  object  so 
long  as  the  system  is  in  health — they  are  meiiina  for  an  end ;  but  in  dia- 
eucd  conditions  they  very  ot'tcn  occur  in  an  objectless  or  useless  way. 

In  its  most  perfect  condition,  the  nervous  system  thus  consists  of  two 
NkiuDKirmrn-  evpftratc  mechanisms,  the  automatic  nnd  the  influential,  and 
iBltiiiiDiiQUfi.  these  are  so  related  that  they  can  mutually  act  on  one  an- 
oLh(!r.  The  will  can  exert  a  control  over  the  so-called  reflectuig  fiino' 
tion  of  the  automatic  part,  and  external  impresaiona  which  have  been 
received  by  that  part  can  exert  a  reaction  upon  the  will.  It  is  in  this 
way  Uiat  mental  craoliona  may  be  explauied,  the  power  of  external  influ- 
atcea  ■which  antagonize  or  even  overcome  the  wilL 
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CHAPTER  XV. 


THE  SPINAL  AXIS. 

/VitniiiM  Deeflopmmt  rrf  Nrrvoua  Syifm. — Ttsfituit  ConiHtfon  in  difffrmi  Vakhrata. 

The  Sf>iwif  CiiTii:  ils  .'ilnirture, —  it"  Mfmbraufs. — /f»  Thirt:j-<int  J'aira  .>/"  NrtWJi. — Pteptr- 

ties  q/'lJieir  Rixilt. — ymiriwnx  of'llK  Orrd. — li^Us  Ijiirmfry. —  'jymi/Diiunian  of  Ijjnffiltaiuial 

nfii  Trausi-rrsr.  tiijhii'inrs, — lirjiex  Afttu"  "/  tfie  Card. — N'ature  of'Hefta  Action. — Maiot  am/ 

Simfitrtf  TrariK  nf  ilm  C-ord. — Snmmiiry  nf  ita  h'ui\eiuita. 
T^e  .Vrduiti  Ofilinttjiil't :  its  Slrwrturf  and  h'mwiioTa.   " 
The  P'mn   Viiraiti:  tin  Slrurtarr  and  /■'larctiotm. 
lit.  OirjiEnH-r'x   I'icrcs  Of'  itx  Ana^ff  tirtirom  die  Spinal  Cord  of  Vetlrbralet  ami  tfm   I'fiUttii 

Card  ftf  A  rliculate*. 

We  now  conimenco  a  more  detailed  esamination  of  the  nervous  aya- 
tera,  presenting  a  description  of  its  structure  as  far  as  may  HSu^iliviMonB* 
he  iieceasiiiy  for  the  uiKkr3taiiditig  of  ila  functions.  We  "^  ''"^  aubjML 
shall  follow  the  usual  tliviaion  of  tliis  suliject  as  adopted  by  authors. 
Tliia  will  therefore  lead  us  to  speak  in  succession  of  the  apiiial  cord  and 
mcdidla  oldoiiijata,  of  the  sensory  ganglia,  of  the  cerebellum  and  cia-c- 
bruni,  of  the  nerves  generally,  and,  lastly,  of  the  eyinpathetic  system. 

The  important  position  occupied  by  the  nervous  mechanism  iii  the  an- 
imal body  will  always  draw  to  it  the  closest  attention  of  the  piiysiol- 
<^Bt,  and  yet  it  must  be  admitted  that  hitherto  it  is  the  least  ad- 
vanced portion  of  the  science.  If  metaphysicians  arc  to  be  Warned  for 
casting  away  the  advantages  which  arise  trom  a  study  of  AdviinUt;''*']i> 
atracturc,  the  earlier  physiologists  were  almost  equally  in  puValjvrph^- 
error  in  confining  themselves  to  human  anatomy  alone-  "'uw^* 
They  did  tliis  under  an  impression  that  there  is  an  essential  and  intrinsie 
difference  between  the  fmi«tiona  of  this  system  in  man  and  in  the  lower 
animuls. 

There  is  an  analogy  of  coaslruetiort  in  all  the  forms  of  nervous  system 
presented  by  the  difierent  animal  tribes,  which,  in  the  iiifani.'y  of  the  sci- 
ences of  organization,  was  attributed  to  a  unity  of  design  pervading  the 
plan  of  Nature,  but  which,  when  seen  from  a  higher  and  more  philosoph- 
ical point  of  view,  is  plainly  the  ncccBsary  result  of  p.  universal  and  un- 
varying law  of  development.  This  conclusion,  which,  when  better  un- 
derstood, is  doubtless  destined  to  become  one  of  the  most  impijrtant  aug- 
geatious  e^er  furnished  by  science  respecting  the  management  of  tlu' 
world,  is  strikingly  enforced  by  the  analogies  between  the  . .  jmiaiKKj 
■successive  transitory  stages  of  development  of  this  system  riv?d  tnm  40. 
at  diflerent  epoclia  in  the  life  of  man,  and  the  permanent  *^  oponint. 
form  it  assumes  m  members  of  the  entire  animal  scrios.     Since  there  can 
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be  no  doubt  that  eveij  animal  function,  firom  tbe  automatic  motions  of 
the  obscurest  living  fonn  op  to  processes  of  iotellcctiou  of  man,  (lejienH 
upon  thif!  structure  as  on  an  instrument,  we  may,  by  a  due  comparison  of 
the  habtta,  ius^tinciSt  or  other  phenomena  in  such  cases  with  the  existing 
■icrvtius  deTclopnipjit,  arrive  at  true  conclusions  of  tlie  connection  between 
its  structure  aud  its  funclions.  We  shall  therefore  indicate,  in  a  general 
muuier,  the  order  of  development  of  this  system  in  man^  and  then  its 
[icrmancnt  stages  in  the  animnJ  .■'cries. 

The  nervous  system  tir&t  makes  its  appearance  in  the  serous  hunini 
Ooorwofcir-  of  t tie  germinal  membrane  and  in  the  midst  of  the  pcUucid^ 
hum^'nlr!  "'^"  "^  *''®  primitive  trace,  a  dehcate  and  pale-white  line  ris- 
du  fyMcm.     inn;  gonicwhal  above  the  geneml  surface  of  the  germinal  area. 
This  lint'  soon  prvsenta  a  conical  as{icct :  tlie  thicker  portion  is  destined 
to  become  the  head  of  ibe  embryo.     ^Vftera  short  interval,  the  membrane 
i4  gathered  ittto  a  fold  on  each  side  of  the  primitive  trace,  and  tbesif;  folds* 
advancing  towiu^  ^ach  otlicr,  constitute  the  dorsal  lamitia<,  which,  when 
their  i-dgr-'s  liave  mel  and  ooaleaccd,  tbrm  a  tnbuiar  canty — a  rudimentary 
[iroparatioii  for  the  vertebral  colamD.     Beneath  the  tube  so  arising  mjiv 
bo  dtscovctcil,  at  this  stage,  ■  line  of  nucleated  cells — the  cliorda  dorsalis. 
Ah  thu  wljj^'s  of  the  dorsal  lamina?  apjuroach  each  other,  they  assume  a  wavy 
ftjriu,  ami  Hiiiniiltancously  a  bending  forward  or  curvature  of  tlie  embryo 
■ici'iirs  80  llml  the  vertebral  lube  becomes  arched.     In  the  middle  wavj- 
|)ortiun  arc  now  to  be  aeen  rectangular  plates,  the  elements  of  the  future 
icrtobnv.      The  coatewdtice  of  the  middle  part  of  the  dorsal  lamina:' 
takw  pliicp  first,  tho  ends  aa  yet  diverging  in  the  portions  which  corre- 
?t(M.tiid  rciivn'tively  to  tho  head  and  the  sacrum.     The  spinal  nuurow  and 
iIh'  bn4in  ihuK  tirise  at  ihc  priiiiilive  trace,  the  brain  being  a  superposed 
iir  uiMitional  alrm'turo  to  ihc  spinid  marrow ;  for  now  the  wavy  etigea  of 
ilie  iinl<->nor  cxtitHiiity  an'  gnidually  seen  to  giwe  origin  to  three  cdis  by 
lln'ir  ju.\tiii>i*!«itiou :    IsL  The  epcucephalon,  a  single  cell,  to  produce  the 
niriliillit  obh'iigntR  :  ita  cftv^ty  is  to  be  the  fourth  ventricle ;  2d,  The  mes- 
i'niit>]iliHlon,  tdfu  a  single  ci-H,  for  the  coipora  quadrigtmina :  its  cavitj- 
iM  1i»  Ih>  lltf  vwilrido  «f  Sylvius  ;  3d.  The  deutencephalon,  a  single  cell, 
lor  Ihr  njilic  iliaUmi :  its  cavity  is  to  be  the  third  veutricle.     Though  at 
llrjil  Inmnjmrcnt  and  lluid.  tlie  nervous  matter  becomes  by  degrees  more 
I'liniinti'til  ami  rovcrod  over  willi  a  thin  laj'er  of  niembmcte,  tlic  indica- 
liun  !>('  iiH  futiim  iiivestinires.     The  nidimcnt  of  an  eye,  under  the  form 
■  li' a  protruHiitn,  now  np|»oar.4  from  the  most  anterior  cell;  tuid  in  Like 
iiioiirier  tho  auditory  iipptiratiis  emerges  from  the  cell  of  the  medulla  oV 
longfttft,  from  the  iinteri^jr  (wu-t  of  wliich,  by  t!ie  coalescence  of  a  pair  of 
fjuciculi  which  hdvi;  arisen,  the  cerebellum  begins  to  form.     At  tJiia  peri- 
od, through  tho  continucil  curvature  of  tlie  embryo,  the  cell  of  the  cor- 
ra  quadrigemina  has  become  most  anterior. 
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The  origin  of  the  spinal  cord  imd  brain  ia  illoBtrftted  in  the.  annexed 
figures  from  BischofF,     J*'-if/.  13$  shows  upon  a  dark  ground  f...     .  . 
a  poition  of  the  germinal  membrane,  m  the  midst  of  which  ia  spinftl  corti  and 
the  area pcUucida  and  primitivG  trace:  rt,  ihe  area  pellucida;  ^  "  "**°- 
b,  the  doraal  laniinai ;  tv  the  jiriuiitivc  trace. 

Fir.  1*5-  f'll  T3T. 


Tbe  piinallive  [mix.  cmgniSti  ti  illuuiilctK 


md 


f  dlunolcra. 


J^ff.  137,  the  Kanic  at  a  litter  stagr,  preparation  for  llie  brain  lietng 
made.  The  doraal  laminte  arc  approaching  each  other,  particularly  to- 
ward the  middle:  ff». the  dilated  upper  oxtroraity  or  cophalJc  end,  th*- 
three  cells  appearing :  the  epent-ephalon,  mesencephalon,  and  dcutcnceph- 
alon ;  A,  chorda  dorealig  alonf^  the  boMora  ot  the  groove ;  c,  rudiraenta  of 
vcrtcbrrc ;  tf,  lancet-shaped  dilatation.  In  both  figures  the  pale  borders 
along  the  primitive  trace  arc  pellucid  nerve  Biibatancc. 

The  dorsal  cord,  which  is  only  a  transitory  structure,  now  dig&ppcars. 
the  spinal  marrow  commencing  to  exiiibit  a  division  into  four  strands, 
right  and  left.  uppr,r  and  under,  Tlie  medulla  oblongata  flattens  next 
in  its  upper  part,  ita  fasciculi  parting  from  each  other;  the  interval  so 
arising  betwee;n  tliem  ia  to  be  the  fourth  ventricle.  The  hemispheres 
now  appear  aa  a  double  cell,  tlie  prosencephulow,  and  as  development  goes 
on,  they  soon  exceed  the  corpora  quadrigcinina  in  size,  and,  as  they  ad- 
vance, force  these  bodies  backward  and  under  them. 

From  tlus  it  appears  that  the  type  of  construction  of  the  nervous  sys- 
tem 13,  that  upon  the  nidimcntary  spinal  marrow  a  scries  of  vesicles  is 
developed.  They  constitute  eventually  the  medulla  oblongata,  the  cer- 
ebellum, the  corpora  quadrigemin.i,  the  tlialami  optici,  the  corpora  striata, 
the  olfactive  gangUa,  and  in  front  of  all,  bat  destined  to  cover  the  anterior 
portions  over,  the  hemispheres. 

Turning  now  to  the  animal  series,  we  tind  in  the  lowest  members  of 
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■(he  vertcbrata,  as  in  the  ampfiioxug,  the  spinal  cord,  medulla 

CotnpDrativC  "^  ... 

neiTOH* f>y»iem  oblongata,  and  llie  elementary  reprcsenlatived  ot'the  sensory 
in  vertelirateB.  g^^gi^j^  alone,  and  a9,  in  Bucceggion,  vfc  paSS  tO  tlifi  higher 
oniis,  wc  recognize  a  cerebellum  apjKKiring  over  the  medulla  oblongata, 
and  cerebral  henii8plLere&  ovej  the  sensory  ganglia.  These  organs  in 
llic  upward  career  boeonic  more  and  more  developed,  the  hemispheres,  for 
example,  noon  equaling  in  size  the  ([uadrigemina,  and  then  greatly  sur~ 
passing  thetn^  and  with  this  increase  of  size  a  higher  graile  of  intelligence 
i»  reached.  In  fishca  thctc.  arc  four  ganglia,  corresponding  respectively 
to  the  cerebellum,  quadrigeniina,  C4_'rebrtil  hemisphere.^,  and  olfactivc  gan- 
glia. In  reptiles  the  number  of  ganglia  and  their  order  of  occurrence  is 
[he  BiiniiP,  but  the  cerebral  heraispheree  have  now  greatly  increased,  an 
incpcaae  whidi  is  even  better  marked  in  birds,  for  in  them  the  hem- 
ispheres have  expanded  in  front  so  aa  to  cover  the  olfactive  ganglia,  and 
(losteriorly  the  optic,  a  condition  of  things  analogous  to  that  presented 
by  the  human  brain  at  about  the  close  of  the  third  month  of  fix-tal  life, 
[ind  ajjproaching  that  permanently  exhibited  by  the  lower  mammals,  as, 
ti>r  instanee,  tiie  inarstipials.  It  is  to  be  understood  that  what  is  herftj 
spoken  of  as  the  hemiapbcres  answers  in  jealily  only  to  the  anterior  lobo' 
uf  the  cerebrum  of  man;  and  as  in  hiin,  during  the  fouTth  and  fifth  months, 
the  middle  lot>e3  arc  developed  in  the  upward  and  backward  direction 
from  the  anterior,  and  still  later  tlie  posterior  lobe-i  from  the  posterior  of 
these.,  the  same  course  is  followed  in  the  antmal  series,  the  final  ti.'pc  of 
development,  the  trilobed  eerebrumj  being  only  reached  by  tlie  highest 
uamivora  and  quaflrumanoua  animals. 

Oonatnencing  now  more  particularly  with  human  nervous  anatomy — 


STRUCTURE  OF  THK  SPINAL  CORD. 

The  spinal  cord  is  placed  rn  tlie  midst  of  the  vertebral  canal.  In  form 
Hescription  of  it  IS  cylindroid,  its  section  being  elliptical,  the  lateral  diame- 
ihoipinilcorJ.  ^pj.  being  the  long  one.  Longitudinally  it  allows  two  en- 
largements, one  about  its  upper  third,  the  other  toward  ita  termination. 
Exteriorly  it  is  white,  but  ita  aeclion  shows  a  gray  substance,  arranged 
in  the  form  of  two  crescents  connected  by  an  isthmus.  Above,  it  is  coti- 
tinuooB  with  the  brain,  which,  indeed,  ia  a  development  upon  it,  and  be- 
low It  terminates  s-t  the  cauda  equina.  Its  relative  length  is  much  great- 
er in  f<ttal  life,  at  the  third  month  of  which  it  eixtenda  into  the  saemm. 
In  adult  life  it  only  occupies  about  the  upper  two  thirds  of  the  verte- 
bral canal :  it  is  generally  stated  that  its  termination  is  about  the  first 
or  second  lumbar  vertebra.  Moreover,  it  does  not  fill  the  vertebral  ca- 
nal, being,  by  reason  of  the  transverse  dimensions  of  that  cavity,  rather 
suspended  in  than  confined  by  it.  The  rest  of  the  space,  amount- 
ing to  about  one  third,  ia  occupied  by  the  roots  of  the  nen-es,  liga^ 


THE  BPIWAL  COKO. 


295 


^^ 


rfff.ij&.  ments,  the  investiturca  of  the  cord,  blood- veasela,  and  a 

liquid. 

J^iff.  138,  A,  A,  shows  the  front  view  of  the  spinal 
cord,  with  the  medulla  oblongata ;  B,  B,  the  posterior 
view;  and  C,  C,  the  decussation  of  its  strands,  ti-oni 
which  it  appears  that  the  organ  is  composed  of  two  equi- 
lateral portions.  Thejr  are  united  by  an  interior  com- 
missure, but  separated  in  front  by  the  anterior,  and  be- 
hind by  the  poaJerior  liasure.  Of  these  the  jjoaterinr 
fissure  is  the  deeper,  the  anterior  being  wider.  Beaidi  a 
these  regional  divisions,  the  eord  also  presents  longi- 
tudinal furrows,  two  for  each  side,  dividing  it  into  the 
anterior,  the  middle  or  lateral,  and  posterior  columnB  or 
tmcta,  as  shown  in  the  tlgurea. 

»ii  K         ^'tfi  respect  to  the  inteiior  constitution  of  the  cord, 

y         q     it  bas  already  been  stated  that  it  is  composed  exteriorly 
of  white,  and  interiorly  of  eray  material.     The  relative 

Th*»pln»loiiid.  ..  ,,  11-1,-  11- 

quantities  oi  these,  and  the  particular  tornt  and  distribu- 
tion, of  the  gray  substance,  may,  perhaps,  be  beat  understood  tironi  the 
fit).  1S9L  sections   given   in  J^iff.  139, 

from  one  to  nineteen,  1  shoW' 
ing  a  transverse  section  as 
high  as  the  cerebral  peduii- 
V  cles ;  2,  through  the  medulla 
'J  \wirikl'4%ttJ  oblongata;  and  the  remaining 
figures,  to  19,  at  lower  and 
lower  points. 

In  the  first  of  these  sec- 
tions, 1  is  the  interpeduncu- 
lar space ;  2,  2,  inferior  tract ; 
3,  3,  middle  tract ;  4,  4,  locus 
niger;  5,5,  su|H-rior  tract ;  6, 
section  of  the  aqueduct  of 
II  ij  J,  Sylvius ;  7, 7,  section  of  the 

superior  peduncles  of  the  cer- 
cbeiluin  ;  H,  B,  section  of  the 
two  tubercula  quadrigcmina. 
In  the  second  section:  1,1. 
the  pyramidal  bodies ;  2,  2, 
olivary  bodies ;  3,  3,  resti- 
form  ;  4,  4,  section  of  middle  strands ;  5,  floor  of  foiirlh  ventricle. 

In  the  fourth  of  these  sections :   1,  the  right  ludf  of  the  cord ;  2,  left 
Itaif|  3,  anterior  median  fissure;  4,  posterior  median  fissure;  5,  5,  poe- 
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terioT  furrows :  G,  white  or  anterior  cornmissiire ;  7,  graj  or  pocterior 
commijisure ;  8,  anterior  honi  of  ri^ht  cresoeDt ;  9,  posterior  lx>ni  of  dit- 
to:  it  is  proloDged  to  the  poetenor  fuirow  ;  10,  mbtaoAiiaal  columns; 
U,  11,  posterior  colmnDs:  tliesBC  are  all  of  white  laboUrsitbetance.  The 
s]nninctrical  reference  DumberB  on  one  side  axe  omitted  for  tbe  ealca  ot 
clearness. 

The  spinal  coi-d  i?  smrounded  fay  three  membranes,  coolinooas  with 
Mtsmbnotm  of  thosc  of  the  <^-rani(mi :  the  dnra  mater,  the  araehikoifl,  and  the 
tb«f|imii  wri  pfa  nwter,     Tlte  Utter  embraces  the  cord  «  closelj  as  to  ex-j 
ert  a  compression  upon  it.     This  is  shown  on  elightl}'  wotmding  it.  when ' 
tbe  white  safaelanoe  protrudes  throogh  the  orifice.  '^  ^'^ 

J^iff.  140:  1,  spinal  diira  mater  laid  open  and  drawn 
aside;  2,  :2,  sheaths  formed  hy  this  memhrane  mnnd 
the  mats  and  spinal  ganglia:  3^  spinal  arachnoid: 
-1,  4,  sheaths  formed  hy  the  arachnoid  around  the 
roots  of  the  nen-r's  and  deiilatpd  ligament;  5. 5,  points 
of  commuuication  of  tJie  visceral  layer  of  the  arach- 
noid, with  its  parietal  layer :  6.  pia  maicr ;  7,  denta- 
led  ligament  i^parating  the  anterior  roots  from  the 
posterior  roots  of  the  spinal  nerves,  and  serving  aa  a 
communication  between  the  dura  mater  and  pia  mater. 

I'Vora  tbe  spinal  cord  there  arise  ihirty-one  pairs 
TbisBpEiiol  *^^  nerves,  each  nen-e  having  two  roots,  an 
iwn-c*,        anterior  Or  motor,  and  a  JlOStcrior  or  senBOry. 

The  antorior  roofs  issue  fix>m  the  anterior  furrow. 
Roots  of  ihe  the  posterior  from  _tlie  posterior  furrow, 
•piiul  nervei. -fl-ljero  the  gray  substance  emerges.  Of 
the  two  the  latter  are  the  larger,  and  have  more  radicles.  Tliey  also 
havcj  in  the  intervcrtchral  foramen,  a  ganglion.  Beyond  the  ganglion  the 
two  roots  coaleecc,  and  the  resulting  nen-e  trunk,  passing  throngfc  the 
interveilebral  foramen,  divides  into  an  anterior  and  posterior  branch,  for 
the  anterior  and  posterior  portions  of  the  body.  To  this  geDcral  descrip- 
tion there  are,  however,  some  esceptlons.  Tfios  the  posterior  n»t  of  the 
tirat  cervical  ncr\T  i.s  smaller  thnn  the  anterior,  and  very  often  it  has  no 
ganglion.  The  spinal  nerves  are  enumernted  as  oight  cervical,  twelve 
dorsal,  five  lumbar,  and  six  sacral  pairs.  The  cen.'ical  pass  off  to  their 
distribution  tranavcrsely,  the  dorsal  obliquelv,  and  the  lunibar  and  sacral 
vertitailly*     The  latter  constttnte  the  cauda  equina. 

^'ij.  141  illustrates  the  origin  of  the  anterior  roofs  of  the  spinal 
nerves,  1,  pons  varolii;  2, large  and  small  root  of  the  fifth  pair;  3» 
£>lxth  pair;  4,  facial  nerve;  5,  auditory  nerve:  6,  intermedian  nerve; 
7,  glosso-phar}''ngcal;  8„  pncnmogafitric ;  9,  spinal  accessory ;  10,  hypo- 
Erlonsal, 
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Pi9.  143. 


PV.i«.  Frotn  11  to  11,  the  tight  anterior  roots  of  the  cervical 

nerves;  from  12  downward,  Ihe  same  roots  of  the  dorsal 
nerves:  those  of  tha  lumbar  and  sacral  are  not  sEiown  in 
^  the  figure.  As  at  15,  are  shown  the  anterior  hraiiches  of 
the  spijial  nerves;  as  at  1(3,  their  posterior  brautliea;  a  I 
17,  flpinal  ganglia  formed  on  the  posterior  roots;  lb,  ante- 
rior roots  cut ;  19,  anterior  roots  cut  bejrcnd  the  ganglion ; 
20,  ilentaled  ligament,  separating  anterior  from  iKifituriui 
roots;  21,  insertion  of  this  ligament  on  dura  mater  by  its 
dcntated  edge;  22,  insertion  of  same  ligament  on  tlie  pia 
muter. 

J^i^.  142  illuslratea  the  origin  of  the  posterior  roots  of 
the  i^tpiiial  nerves.      1,  tubercula  quadrigemina  i   2,  trian- 
gular band ;   3,  3,  superior  peduneles  of  the  cerebellum ; 
4,  4,  Middle  pcdiuiclee  of  cetebcUum ;  5,  5,  inferior  pedun- 
cles of  cercljellum ;  (J,  aiitferioc  wall  of  fourth  ventricle;  7, 
glus^ao-pliarj'ngeal ;  8,  pneumogastric;  U,  spinal  acccBSory; 
from  10  to  10,  posterior  roots  of  eight  cervical  pairs :  the 
ilorF!3l,  the  lumbar,  and  the  eacral  below  11  are  not  shown 
in  the  figure.      From  14  dowtiward,  a  dotted  tine  arising 
from  the  tearing  away  of  the  posterior  roots  ;  15^  15,  an- 
terior roots  of  spinal  nerves,  the  dentntedl  ligament  being 
visible  through  the  removal  of  ihc  posterior  roots  ;   1 G,  npi- 
nal  ganglia,  of  "wbich  there  are  lhui:y  pairs,  the  first  pair 
of  nerves  not  being  I'lirnisbed  with  them  ;  17,  17,  anterior 
branches   of  spinal  nerves;    18,  18,  posterior  brancliea; 
19,  19.  dentated  ligament,  placed  between  the  posterioi 
and  anterior  roots ;  20,  same  ligament  brought  into  view. 

J'^iff.  143  shows  a  portion  of  the  spinal  cord       p,.j^  ^^ 
suCTonnded  by  its  envelopes,  and  seen  in  pro- 
iile,  BO  as  to  display  at  once  the  origin  of  tlie 
anterior  and   posterior  roots.      1,  1,  posterior 
roote  of  spinal  nerves  and  their  ganglia;  2,  2,  anterior  roots 
of  the  same  nervesi  anastomosing  with  the  anterior  portions 
of  these   ganglia;    3,  4,  anterior  and  posterior  roots  cut; 
5,  denlated  ligament;  6,  dura  mater,  preserved  to  ahoiv  the 
sheaths  which  it  forma  around  these  ganglia  and  the  branches 
of  the  spinal  nerves;  7,  vertical  section  of  the  sheath  of  the 
anterior  and  posterior  roots,  to  show  the  little  lamella  which 
separates  the  one  root  from  the  other;  8,  8,  interior  face  of 
the  dura  mater,  wliich  ia  drawn  aside  to  show  the  smooth  rt^r*iSid^riIw4! 
aspect  which  it  possesses,  owing  to  the  parietal  layer  of  the  '^°^"^^ 
arachnoid  which  covers  it. 
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LONGmmmAi,  TRAKsmsaios  in  the  cord. 


The  wliite  or  fibrous  portion  of  tlic  spinal  cord  is  composed  in  part  of 
the  spinal  neive  fibres  and  in  part  of  commissunJ  ones.  At  one  timeil 
was  (supposed  that  every  one  of  tLe  preceding  continued  uninterruptedly 
!o  the  brain.  On  this  jwint,  however,  the  weight  of  evidence  will  lead 
lis  to  infer  that  the  vertical  distance  tlirougk  which  these  fibres  p&sa  is 
iiot  vcr>'  great,  and  that  they  are  snon  brou^lit  in  conncrlion  with  the 
interior  vesicular  Bubstance.  If  all  llic  fibres  passed  unintcrruptpiUv  to 
the  brain,  we  should  expect  that  the  cord  would  increase  in  thickness  by  a 
regular  progression  iipwurd ;  but  tliig^  as  is  shown  in  I^i'j.  138.  ia  not  Urn 
ease.  Its  enlargements  coiTesponit  to  the  number  of  nerve  roots  given 
off  from  the  kcalitieft  in  which  tlicy  occur.  Thus,  where  majiy  nervo 
roots  are  required  for  the  upper  extremities,  and  again  for  the  lower  ones, 
we  notice  such  correapoiiding  cnlargein rails.  The  experiments  of  Volk- 
mann  show  that  these  dilatations  are  as  much  owing  to  an  increase  of 
the  vesicular  material  aa  to  an  increased  nainber  of  fibres.  In  the  vIpw 
presented  in  the  preceding  chapter  respCittlig  nerve-arcs  and  the  function? 
of  nerve-celle,  we  should  be  led  to  infer  that  cveiy  c^ntTifua^iil  Jind  cen- 
tripetal fibre  of  the  cord  is  brought  in  connection  with  such  a,  cell  of  the 
gray  material,  and  that  it  does  not  es:tend  very  far  frojn  its  point  of  exit 
or  entrance. 

P^UNCTIONS  OF  THE  Spinal  Cord. — The  determination  of  the  Junc- 
Fnnciionft  cf  tions  of  the  roots  of  the  spinal  nerves  by  Bell  has  aU-cady 
ih^spmnlcord.  ]^pji  referred  to  ag  one  of  the  great  discoveries  of  physiol- 
ogy, and  as  fiimishing  a  solid  foundation  for  an  exact  knowledge  of  the 
functions  of  the  nervous  system.  The  evidence  of  the  truth  of  the  doc- 
trine that  the  anterior  root*  of  these  nerves  are  motor  ftnd  the  jwstcrior 
Bell's  dU-  sensory,  is  complete.  Tliu&,  if  the  anterior  root  of  one  of  these 
«Tery-  nerves  be  divided,  all  tiio?c  parts  which  are  supplied  by  that 
nerve  will  exhibit  loss  of  molion,  though  (heir  sensation  is  unimpaired ; 
if  the  posterior  root  be  divided,  the  sensibility  of  the  parts  is  lost,  thougli 
the  power  of  motion  ia  unaffected.  Similar  evidence  may  also  be  ob- 
tained by  irritating  the  endg  of  the  divided  roots,  muscular  motion  or 
pain,  as  the  case  may  be,  being  correspondingly  observed. 

The  spinal  cord  transmits  impressions  fixim  the  periphery  to  the  brain, 
LoQ  ituciinai  ""^^  converscly  enabL'S  ibe  brain  to  bring  into  action  the 
mmtawioa  tif  motor  nerves.  Division  of  it  at  once  causes  an  interruption 
■n  utnewL  ^^  voluntary  motion  and  sensation  in  those  parts  supplied 
by  Tiervee  below  the  place  of  the  operation,  the  functioDs  of  the  parta 
above  remaining  unimpaired.  But,  though  the  influence  of  the  brain  in 
ejtciting  voluntary  motion,  and  its  capability  of  receiving  aensatlona,  is , 
thus  cut  off,  the  severed  portion  of  tjic  cord  still  possesses  an  automatic 
power. 

This  transmission  of  influences  upward  ot  downward  is  doubtless,  to 
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A  considBrable  degree,  aCcompUslied  IliTfiugh  the  vc9icular  Btil)9tanoe,  the 
qualilj  of  wliich,  in  this  respect,  I133  l;>een  cxpl^wd  in  the  preceding 
chapter.  But,  besides  this,  the  cxlerior  6brou8  Btructures  possess  a  like 
liiaction,  correspondingly  as  they  are  connected  witli  the  motor  or  aen- 
80iy  roots  of  the  nerves,  the  anterior  coJiimna  being  molor,  and  the  pos- 
terior apparently  sensory. 

The  ('pinal  cord  Tiot  oidy  permita  the  pasBage  of  influences  in  its  longi- 
tudinal, but  also  in  its  transverse  direction.  This  13  what  ^ 
might  i!>e  anticipatpd  from  the  stnictuie  and  fnnetion^  of  the  transminsioD  of 
cells  of  its  gray  interior.  If  the  cord  be  cut  half  through  in  "  "'""■'^''■ 
a  given  place,  and  again  be  cut  half  through  on  the  opposite  side,  at  a 
little  distance  above  or  below,  impressions  may  be  conducted  tlirough 
the  intermediate  portion,  llie  vesicular  material  being  then  their  only 
elianoel. 

In  a  memoir  on  the  diatribution  of  the  fibrea  of  the  sensitive  roots,  and 
on  tile  transjnirssion  of  iinpressiona  in  the  spinal  cord.  Dr.  „ 
Brown- Sequard,  referring  to  the  two  theories  enlfrtained  at  on  ih«  conduc- 
present— 1st.  That  sensitive  imprcssiona  reaching  the  cord  '^"""^ ^''* corf, 
pass  in  totality  to  the  brain  along  the  poHterior  cobunns ;  2d,  That  auch 
impressions  so  arriving  pass  directly  to  the  central  gr;iy  substance,  which 
transmits  them  upward^-offera  reasons  for  supposing  that  both  these 
theories,  and  especially  the  first,  arc  contradicted  by  facts. 

It  is  his  opinion  that  sent^itive  impressions  reaching  tJic  cord  pass  in 
different  directions,  some  oscendine,  otliera  descending,  but  both  going  in 
part  by  the  posterior  colunins,  and  in  part  by  the  posterior  gray  horns. 
and  jierhaps  by  the  lateral  columns,  to  penetrate,  after  a  short  distance, 
the  g^y  central  substance  by  which,  or  in  which,  they  arc  transmitted 
to  tiic  brain. 

lie  also  showa  that  sensitive  impressions  of  one  lateral  half  of  the 
body  are  transmitted  princi]jally  in  a  croBsed  manner,  that  is  to  say,  that 
they  follow  more  particularly  the  opposite  half  of  the  cord  to  reach  the 
brain ;  that  the  decussation  of  the  conducting  elements  for  senailive  im- 
pressions is  not  mnde,  as  is  commonly  said,  at  the  anterior  extremity  of 
the  pons;  that  the  gray  substance  docs  not  possess  the  projierly  of 
transmitting  sensitive  impressions  in  every  direction,  as  aome  have  sup- 
posed ;  that  most,  if  not  all  the  conducting  elementg  for  sensitive  im- 
pressions decussate  in  the  spinal  cord,  ttio  decussation  occurring  in  part 
almost  immediately  on  their  entry  into  the  cord,  but  that  a  few  make 
theli'  decussation  at  a  certain  distance  above  the  point  of  entry,  the  ma- 
jority, however,  descending  in  the  cord,  and  making  tlieir  decussation 
below  the  point  of  entry ;  that  If  there  are  conducting  elenienta  for  sen- 
Bilive  impressions  which  ascend  throughout  the  entire  length  of  the  cord 
to  make  their  decussation  in  the  brain,  their  number  must  be  very  small ; 
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ud  that  alterations  capable  of  producing  a  parAljsts  of  scnsibiUtj*  and 
situated  opon  any  point  of  a  lateral  half  of  the  cctebroepinal  axjg^  al- 
ways produce  a  pnrniysiij  ot'  sen&ibiltty  on  the  opposite  half  of  the  l>ody, 
and  that  there  is  no  dittcrencc  between  the  hrain  and  tlic  spinal  marro^v 
in  this  reapoct. 

Thus  constructed,  the  spinal  cord,  as  we  shall  preeemtl;;'  show  from 
Analoffv  with  ^'^'  ^'^^'P^"*'^^!  evidently  agrees  with  the  gangliatcd  ventml 
TOTitral  coid  cord  of  the  articulatn.,  each  portion  of  it  from  which  a  pair  of 
"^  *"  nerves  is  given  off  rcpre^wntlng  &ach  ganglidti  of  that  Vf>ntnJ 
cord,  the  difference  in  tlio  two  stmctmes  being,  that  in  the  spinal  col- 
umn the  gjuiglia  are  comniissured,  so  as  to  fomi,  in  appearance,  one  con- 
tinuous mass,  and  agreeably  to  this  view  of  its  construction  are  tiie 
circumstances  niiJvr  which  its  enlargements  occor.  In  thoso  ajiimal 
forms  in  whieli  the  entire  tnmk  is  concerned  in  locomotion,  as  in  snakes 
and  ecla,  the  cord  is  nciirly  cylindrical ;  but  aa  noon  aj  special  members 
for  loconioliou  aTG  developed,  a  corresponding  increase  of  diameter  is  ob- 
served. ThuSi  in  birds,  the  ganglionic  clJargCnjent  <_'(irre!4podds  with  tho 
region  from  which  thp  nerves  for  the  wings  are  given  off;  bnt  in  that  tribe, 
as  in  the  ostrich,  tlie  mode  of  locomotion  of  which  is  by  the  legs  ratlitt- 
than  by  the  wings,  a  corrcs[)0]iding  posterior  enlargement  occurs.  Tho 
same  observations  may  even  be  more  distinctly  made  during  metimiorph- 
oses ;  lhu9,  in  frogft,  while  thoy  arc  lii  the  tadpole  state  the  siiinrd  cord  in 
cylindrical,  but  bulging  ensues  in  it  anteriorly  and  posteriorly  as  soon  as 
the  anterior  and  iwsterior  members  arc  developed.  > 

The  translation  of  iinpressioiis  which  have  been  brought  along  the 
Redox  action  centripetal  fibres  into  motions,  the  exciting  influence  ofwhieh 
of  the  eonl.  jB  conveyed  along  the  ccntrilugal  fibres,  includes  what  is  un- 
derstood as  the  reflex  action  of  tlnf  spinal  cord  as  developed  by  Dr.  Hall, 
Its  essentiid  condition  ia  its  indc(iendence  of  the  agency  of  the  brain,  and 
therefore  unconscious  nature.  Aa  general  examples  may  be  mentioned 
the  movements  wliieh  occur  in  swallowing;  for  after  the  food  has  Ijeen 
,  carried  by  voluntary  action  into  the  fauces,  its  passage  onward  to  the 
stomach  is  perfectly  involuntary.  In  like  manner,  the  introduction  of  air 
into  the  liingst  in  ordinary  respiration  is  involuntary ;  for  though  it  may 
be,  to  a  certain  extent,  under  the  control  of  the  will,  yet  tliat  extent  is 
limited,  a  necessity  for  the  motion  presently  arising,  which  soon  becomes 
uncontrollable.  The  action  of  the  val\Tilar  arrangements  at  the  cardiac 
and  pyloric  oritices  of  the  stomach,  and  the  constant  contraction  of  the 
sphincter  ani,  are  farther  iilustrfitions.  To  these  may  he  added  those 
impulsive  movements  which  we  instinctively  make  on  the  approach  of 
danger  or  in  the  act  of  falling,  and  perhaps,  too,  automatic  walking,  ■» 
we  go  ftom  place  to  place  in  a  stale  of  mental  abstraction,  paying  do  at- 
tention to  the  course  we  take. 
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The  cord  is  to  be  regarded  as  a  longitadina!  seriea  of  simple  automatic 
nerve  arcs,  or,  as  we  have  termed  it,  a  multiple  automatic  Automatic  *p- 
arc.  Each  segment  of  it  has  therefore  an  indepcndGtit  acHon  lionofihcconi. 
of  its  own,  but  can  conspire  with  ita  neighbors  or  be  influenced  by  the 

brain,  by  meana  of  its  coniniiBSiiral 
fibres,  an  arrangement  of  which  num- 
berless interesting  instances  might  bo 
furnished.  The  one  represented  in 
J^ig.  144,  which  is  from  the  cord  of 
spirostTcptua,  may,  however,  suffice: 
A,  under  surface  of  a  portion ;  B,  up- 
per surface ;  a,  inferior  longitudinal 
fibres;  e,  superior  longitudinal  fibres; 
J",  fibres  of  re-enforcement,  seen  also 
at  5  and  c;  ff,  commissural  fibres,  seen 
also  at  d. 

The  power  which  the  cord  ctisplayg 
in  tliis  simple  action  is  most  striking- 
ly seen  when  it  is  cut  off  from  its 
cranial  connections.  The  decapitated 
frog  props  himself  up  stiffly  on  his 
legSi  and,  if  hia  cutaneous  surfaco  be 
FoitiDnofcoMofspirMtEBptas.  irritated,  exhibits  antagonizing  mo- 

tions ;  such  motions  are  all  of  the  reflex  character,  and  are  commonly 
much  more  strikingly  seen  in  cold  than  in  wami-bloodcd  animals;  bat 
even  in  man  precisely  the  same  results  are  ■witnessed  during  periods  of 
the  suspension  of  the  activity  of  the  brain,  as,  when  the  palm  of  (he  hand 
of  a  sleeping  child  is  touched  with  the  finger,  the  finger  ia  at  once  grasped. 
Aft  above  stated,  this  rctles  function  of  the  cord  U  therefore  independ- 
ent of  the  brain,  though  the  brain  can  control  it,  and  this  i^^f^^^  ^^^^^ 
the  more  perfectly  the  higher  the  organization  of  the  animal,  inaependencof 
Breathing  can  go  on,  whether  we  pay  attention  to  it  or  not,  ^  '^''™' 
but  we  can  arrest  it  if  lire  choose  for  &  time;  and  since  in  man  this  in' 
troduction  of  air  is  incidentally  used  for  very  refined  purposes,  by  volun- 
tary exertion  wc  moderate  or  regulate  it,  aa  in  the  production  of  muaicid 
sounds  in  singing  or  of  articulate  sounds  in  speech. 

In  a  genend  way.  there  is  not  much  difSculty  in  distinguishing  be- 
tween simple  actions  of  the  cord  and  those  in  which  the  brain  DiaiincUon  be- 
is  participating.     In  the  former,  no  weariness  or  fatigue  ia  a^,™",^^"^' 
rm-er  ex(jericnecd ;  in  the  latter  it  is;  and  perhaps,  even  in  action. 
these  last,  involving  voluntary  muscular  action,  though  the  control  ia  to 
be  attributed  to  the  brain,  the  source  of  the  force  is  in  the  cord. 

These  normal  phenomena  which  tiie  cord  displays  become  greatly  ex- 
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Inciwc  of     aggerated  in  certaiu  conditions  of  disease,  as,  for  example,  in 

tpluai  «aioTi.  (Planus^  in  which  the  elightest  peripheral  irritation  may  be 
followed  hy  violent  convulsive  movement,  or  tlic  saiue  occurs  by  the 
agency  of  powerftil  poisonous  Bubstancea,  as  stryi:hnine.  In  thcsa  cascf 
the  action  may  be  eitlier  limited  simply  to  the  cord,  as  in  the  tetanus 
brought  qn  by  opium  in  frogs,  or  the  brain  may  be  involved  in  it,  as  in 
cases  of  Iiydrophol>ia,  in  which  the  sound  or  sight  of  \vater,  operating 
through  the  cerebrum,  will  produce  spasmodic  convnlsiona. 

From  the  facta  presented  by  the  lower  animals,  it  may  be  iTiferred  (hat 
the  spinal  cord  does  not  act  as  a  single  organ,  but  rather  should  be  re- 
garded 33  a  collection  of  ganglia*  special  dutiea  being  discharged  by  spe- 
cial parts  of  it. 

With  respect  to  the  commissural  action  of  the  spinal  cord,  reference  liar 
Co    ectJD  of  f*^*^>'  "^^"^  made  to  the  structural  connection  between  the 
tJiD  vcrJ  uml    cord  and  the  nervous  regions  above  it,  and  in  referring  to  the 
'*"'■  old  anatomical  doctrine  that  eacli  of  the  spinal  nerves  is  con- 

nected by  continuous  (ibres  with  the  brain,  due  wciglit  has  been  given 
to  the  fact  that  the  cord  docs  not  increase  in  thickncsa  as  it  approaclies 
the  brain,  but  that  its  bulgings  correspond  to  the  regions  from  which  it  ip 
Qcceaaary  that  an  uniiaual  supply  of  ncr\'es  should  be  given  oC  The 
force  of  this  argument  is,  however,  considerably  diminished  when  we 
recollect  that  the  ncrve-tubea  are  by  nq  meajug  of  uniform  diameter,  but 
are  doubly  conical  in  siiape.  Even,  therefore,  with  a  diminished  diame- 
ter of  the  spinal  cord,  there  might  be  an  upward  contimialion  of  spinal 
fibres,  the  diameter  of  whicli  is  becoming  Icsa  and  leas ;  and  this  aeems 
to  be  rendered  more  Efcely  from  the  analogy  of  the  structnre  of  the  ven- 
tral cord  of  the  articulata,  in  which  fibres,  are  sent  to  the  cephalic  gan- 
glia for  the  purpose  of  estabbshing  o  communication  between  them  and 
the  roots  of  the  nerves.  But,  however  that  may  be,  there  can  be  no 
question  of  the  influence  of  the  brain  over  spinal  action,  and  this,  of  course, 
implies  structural  connection  of  some  kind — an  inlereommnnicatiou — 
which,  if  it  Joes  not  take  place  solely  through  the  white  columns,  must 
take  place  through  the  gray  material.  It  ia,  however,  important  to  ob- 
serve: that  the  gmy  niaterlal  bag  no  direct  communication  vrith.  that  of 
the  cerebrum,  but,  passing  through  the  optic  thalamus,  ends  in  the  cor- 
pus striatum,  extending  therefore  in  one  continued  mass  through  tlie  cord, 
and  terminating  in  that  ganglionic  organ.  By  one  or  both  of  these  chan- 
nels, wliilc  or  gray,  the  impressions  wliieh  arc  made  upon  the  spinal 
sensitive  nerves  arc  preBCnted  to  the  brain,  and  in  a  similar  manner  the 
influences  which  produce  voluntary  motions  arc  transmitted  down.     A 

,     section  of  any  part  of  the  spinal  cord  at  onoe  incapacitates  the 
hlfretefle-       „,   _  •;  ^  ,      '  ,  ,     ,  •  i*     l-  lJ 

lioDsofthE   will  from  acting  upon  the  parts  beyond,  the  motions  of  wnicM 

"*'*■  liecome  therefore  purely  automatic,  though  the  parts  above  !«tiU 
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Jigplay  their  cuatomary  phenomena.  Tlieisc  etfecta  are  sometimes  in- 
structivelj  witnessed  in  man  when  lesions  of  the  cord  have  occiured 
through  disease. 

If  tiic  view  that  haa  been  presented  respecting  tlie  continuation  of 
fibres  from  the  cord  to  tho  brain  be  correct,  these  fibres  dis-  „  . 
charge  a  commissural  duty.  Thj3  would  lead  ua  to  8U|>-  a*ry  imku  or 
pose  tliat  there  is  a  correspondence  between  the  functions  of  ^  "^  - 
the  colnnins  of  the  cord  and  thoae  of  the  roots  of  the  spinal  nerves,  tht- 
anterior  colunma  being  motiferous,  or  in  uniaon  witli  the  motor  root  of 
the  nervpi?,  the  posterior  teiiig'  Hensiferous,  or  in  unison  with  the  senaorv 
root  of  the  ncrvei*.  Agreeably  to  this,  if  the  anterior  columna  be  irri- 
tated, motions  arc  excited  in  all  tliose  pjtrla  which  are  supplied  with 
nerves  beyond  the  irritated  point ;  and  if  the  posterior  cohunna  Ije  irri- 
tated, in  like  manner  pain  is  experienced.  In  this  iuatance,  however,  a. 
certjiin  amount  of  motion  is  occasionally  observed,  hut  this  has  common- 
ly been  explained  by  referrhig  it  to  reflexion  within  the  cord.  It  has 
also  been  observed,  aa  strengthening  these  views,  that  if  the  posterior 
columns  be  irritated  after  complete  si'ction  of  the  cord,  the  result  will  de- 
pend on  which  of  the  cut  portions  be  disturbed ;  if  it  be  the  lower,  there 
will  be  no  effect.  An  examination,  under  the  same  circumstances,  of  the 
(interior  columns,  demonBtratcsthat,  if  the  upper  Mcction  be  irritated,  there 
U  no  cficct  produced ;  if  the  lower,  there  are  convulsive  movements:  of 
the  parts  unpplicd  with  nerves  beyond. 

I'Vom  thcae  results  we  should  mfer  that  tlic  physiological  functions  oi 
the  anterior  and  pOaterior  rqots  of  the  apina.1  nerves  are  pnrticipntcd  in 
by  the  anlerior  and  posterior  columns  of  the  cord,  and  might  therefore 
expect  that  those  functions  would  be  continued  in  the  higher  distribu- 
tion of  .the_coluriin3  above  tho  meduUa  oblongata. 

From  the.  point  of  view  under  which  we  have  thufi  presented  it^  the 
action  of  the  spinal  cord  is  therefore  simple,  or  it  is  disturb-  g^nejai  c^,,^ 
cd  by  the  agency  of  the  brain ;  in  the  first  case  it  offers  it-  tiuna  of  tha 
self  purely  as  an  automatic  instrument ;  in  the  latter,  its  com- 
missural connections  with  the  brain  make  a  compound  apparatus.  The 
lormer  state  is  closely  represented  in  the  construction  of  the  amphioxua. 
tlie  nervous  system  of  wiiich  lias  no  rudiment  of  a  cerebrum  or  cerebel- 
lum J  in  this  animal,  therefore,  since  also  the  sensory  ganglia  are  merely 
in  a  rudimentary  state,  the  mode  of  life  must  be  purely  mechanical,  juat 
as  it  is  with-  an  artificial  automaton,  of  which,  wlien  a  given  spring  is 
touched,  a  given  motion  is  made.  Even  amottg  the  highest  vcrtehratcd 
animalfl,  man  himself  at  the  periodic  times  of  q^uiesccnce  of  the  cerebrum. 
aB  in  sleep,  when  the  cerebral  intiuence  over  other  portions  is,  to  a  certain 
extent,  suspended,  an  approach  to  a  similar  condition  occurs;  but  in 
periods  of  activity  of  the  cerebrum,  it  can  hold  the  spinal  cord  in  check. 
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controlling,  and  in  some  cases  arreBting  its  action,  and  this  is  done  ttitough 
influences  propagated  along  the  tubular  stracturea  of  tlie  pOHterior  and  an- 
terior columns,  wliich  therefore  are  to  be  regarded,  in  this  reepect,  aa 
commissures  to  the  brain. 


OS  TIIE  MEDULLA  OBLONGATA. 

The  medulla  oblongata  is  a  conical  body,  lying  between  the  spinal  cord 
Limiia  of  (lie  '^"^  ^^^  brain.  It  is  gencrallj  understood  to  bo  hounded  at 
miMiuUnubion.  its  Upper  portion  by  the  pons  varolii,  but  this  is  not  a  true 
^*  limit,  BJuce  its  structure  extends  tlu:ough  the  pons  varolii  to 

the  cnira  of  the  brain.  Tlierc  is  the  same  indeiinitencas  ot"  limit  as  re- 
spects its  lower  boundary,  which  is  generally  said  to  be  marked  by  some 
decussating  fibres  whicli  appear  on  iIb  front.  Like  the  spinal  cord,  it 
iwsabdiTii-  has  an  anterior  and  posterior  fissure,  which  divide  it  into  two 
iona.  symmetrical  lateral  halvea :  the  former  la  a  continuation  of 

the  anterior  sptnal  fissure,  the  hitter  of  liie  posterior,  and  ends  in  Ihe  ca- 
lamus acriptorius  above.  The  lateral  halves  thus  produced  are  marked 
by  three  grooves,  producing  tour  eminences,  which  pass  under  tlie  tbllow- 
ing  iianipg:  Ist.  The  anterior  pyramids;  2d.  The  olivary  bodies;  3d. 
The  reetiform  bodies;  4lh.  The  jmsterior  pyramids.  The  anterior  fia- 
aure  is  crossed  abont  an  inch  beloiv  the  pons  varolii  by  decuii&ating  fibres, 

and  hence  injuries  on  one  aide  of  the  brain  produce  nervous  effects  on  the 
opposite  side  of  the  body. 

first.  The  anterior  pyramids  consist  of  white  fibres  originating  n«ir 
Thfl  •aterior  "^^^  decussating  fasciculi.  They  have  u  compound  structure, 
pyamidg.  foj  (each  contains  fibres  arising'from  the  inner  side  of  the  op- 
posite anterior  cctluinn  of  the  cord,  and  also  fibres  from  its  own  side: 
they  pass  tlirongh  tlic  pons  varoUi  into  the  cms  cerebri.  From  these 
pyramids  cnn-ed  fibres  pass  round  the  olivary  body,  and  are  lost  in  the 
restiform.     They  are  called  arciform  fibres. 

Second.  The  corpora  oiivaria  receive  their  name  from  their  olive  shape. 
Tho  olivary  Thcy  are  separated  by  a  groove  from  the  prccedmg  in  from, 
hodica.  and  by  another  groove  from  the  rcstiform  bodies  behind.  Ks- 
temally,  they  are  formed  of  irldte  tubular  tissue,  which  incloses  a  vesic- 
ular niiLss,  the  oIi'\'ary  ganglion,  which  connects  with  the  vcaicnl  ir  struc- 
ture of  the  pons  above,  and  that  of  the  cord  below.  The  fibres  of  thcBO 
ganglia  are  called  the  olivary  tracts.  They  are  continuous  with  the  cen- 
tral part  of  the  medulhi  oblongata,  passing  behind  the  pyramids,  extend- 
ing Upward  along  the  posterior  part  of  the  crura  cerebri  to  tlie  optic  thai- 
ami  and  tubcrcula  quadrigemina.  The  olivary  bodies  cxiat  only  in  man 
and  the  monkey  tribe.  ' 

Third.  The  restiform  bodies  are  separated  from  the  olivary  by  ft 
groove.     Titey  are  continuqus  with  tlie  posterior  and  antcro-laferol  col- 
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nmnBofthecord.     Aacendiiig,they  enter  the  ccro'bellnint  and  The  fesUfa™. 
are  continuoua  with  the  inner  part  of  its  cnia.     They  there-  iwUes, 
tore  arc  a  tract  of  commttnication  frotu  iW  spinal  cOrd  to  the  cerebellam. 
They  <Sach  inclose  a  gray  nucleus,  which  is  the  ganglion  of  the  pncumo- 
gastric  nerves,  and  of  some  of  the  roots  of  the  glosBo-pharyngeah 

Fourth.  The  posterior  pyramids  arc  doubtfully  marked  ofi'  from  the 
reatiform  bodies  in  front,  and  are  Bcparated  from  each  other  The  poBicriQi 
by  the  posterior  fiBsure.     Superiorlyy  thetr  fibres  are  contin-  pj^amidB. 
uous  with  the  sensory  tract  of  the  crura  cerebri :  their  gray  nuclei  are 
the  gangb'a  of  the  auditory  nerves. 

The  stnictuTG  of  the  medulla  oblongata  is  exempli- 
tled  in  the  annexed  figures. 

J^iff.145:  1,  chiasm  of  the  optie  nerves;  2,  crng  cere- 
bri j  JJ,  tuber  cinereum:  4.  coT])ora  albicantia ;  5,  locus 
peribratus  ;  6,  pons  varolii ;  7,  section  of  the  middle 
peduncle  of  cerebellum ;  8,  transverBO  fissure,  separa- 
ting the  medulla  from  the  pons ;  9,  first  enlargemcnl 
of  the  cord,  or  medulU  oblongata ;  10,  anterior  pyra- 
mid; 11,  olivary  body ;  12^  anterior  portion  of  resti- 
form  body;  13,  neck  of llie  medulla  oblongata;  from 
16  do^vnward  ia  the  anterior  median  fissure;  from  17 
downward,  the  anterior  lateral  furrow. 

J'^lff.  14G:  1,  section  of  optic 
tract;  2,  tnbcicula  quadrigemina ; 
3,  triangular  band ;  4,  section  of  crus  ctrebelli ;  5, 
medulla  oblongata ;  (i,  ajiterior  floor  of  the  fourth  ven- 
tricle ;  7,  median  tisauxe  of  the  foui'th  ventricle,  aid- 
ing to  form  the  calaraus  scriptorius;  8,  mammiUor}- 
flwelling  near  the  nJb  of  the  pen;  9y  posterior  portion 
nif.  i«.  of  the  restiform  body;  from  12  down- 

ward, posterior  median  fissure ;  from 
13  downward,  lateral  fiirrow;  from  14 
downward,  posterior  furrow. 

-Tiff.lii:  fa,  anterior  column  01  the  oWDnBam- 

cord,  divided  superiorly  Into  two  portionSi  of  which  the 
most  inlcmal  one  contributes  to  tho  formation  of  the  cor- 
responding pyramid ;  7,  middle  or  lateral  column,  di- 
vided sui>eriorly  into  three  or  four  portions,  decussating 
with  na  many  portions  of  the  column  of  tlie  opposite  side, 
the  decussation  taking  place  l>ot!i  laterally  and  antero- 
poateriorly:  it  in  the  origin  of  the  internal  two  thirds 
of  the  pyramid:  8,  8.  pjTamids ;  9,  wliite  fibreB  of  the 
iStHifldXi  and  pill*  pyramid,  traversing  the  pons,  and  continuing  to  the  eras 
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oerebri ;  10,  superficial  section  of  the  trans- 
verse fibres  of  the  pons;  11,  deeper  section 
of  the  transverse  fibres  of  the  pons ;  12,  oli- 
vary body  ;  13,  right  olivary  body,  brought  . 
into  view  by  removal  of  the  convspondiiig- 
pyramid. 

J^ig.  148  13  a  jwaterior  view  of  the  me- 
dulla oblongata:  ^, _/j,  poateriot  pyramidfl, 
separated  by  a  posterior  fissure ;  /',  r,  resti- 
forni  bodies,  comjKised  of,  c,  c,  posterior  col- 
umns, and  d,  ri,  part  of  antero-lateral  col-  ^^ 
umns  of  the  cord;  a,  a,  olivary  columnsj  as 
seen  on  the  tioor  of  Hie  fuurlh  ventricle,  sep- 
amted  by  s,  the  median  fissure,  and  crosBcd 
by  some  fibres  of  origin  off  n,  ;ij  the  seventh 
pair  of  nerves. 


FUNCTIONS  OF  THE  MEDULLA  OBLONGATA. 

Viewed  as  a  superposed  continuation  of  the  spinal  cord,  the  medulla 
Fnni^tion*of  oblongata  ia  the  tract  of  communication  between  Ihat  organ 
the  nietiuiia :     r^(\  fhc  braiH !  the  anterior  pyramids  and  olivary  tracts  con- 

U"»  tract  (.f  .  '■'  .  ,         ^  T  i      ■ 

eoliununica-      vey  motor  jnflucncea,  and  the  restitorm  trjicta  and  posterior 
*^''-  pyramids  sensations.     By  experiments  similar  to  those  wbidi 

have  boeu  pertorincd  upon  the  cord,  these  conclusions  have  been  moia- 
tained. 

But,  besides  this  fiinction  of  conduction,  the  medulla  oblongata  dis- 
charges a  moat  important  duty  as  a  nervous  centre;  on  it  depend  respi- 
ration and  deglutition.  The  brain  may  be  wholly  removed  above,  and 
the  spinal  cord  below,  ae  fax  as  the  origin  of  the  plirenic  nerve^  wiiboul 
death  necessarily  ensuing,  but  on  wounding  the  medulla  oblongata,  the 
muscular  movements  necessary  for  the  introduction  of  air  are  necessarily 
stopped. 

Moreover,  the  medulla  oblongata  exhibits  the  property  of  reflcr  action. 
tiareUiiotia  to  So  fiir  a3  the  fianctioii  of  respiration  ia  concerned,  its  clnei' 
rwpinUoii.  centripetal  nen-e  is  the  pneumogastrie,  but  the  power  which 
it  posaessea  is  participated  in  by  many  others,  perlmps  by  reason  of  the 
venous  condition  into  which  the  blood  is  brought  from  want  of  proper 
aeration.  The  violent  respiratory  inovemeiits  by  the  sudden  application 
of  cold  to  the  skin,  the  shower-bath,  or  dashing  cold  water  on  the  fhce, 
are  converted  by  it  into  respiratory  muscular  motions.  From  it  olsol 
Jirise  the  movements  required  in  the  act  of  deglutition. 

Under  this  view  of  the  functions  of  the  medulla  oblongata,  it  is  to  be 
regarded  as  an  excluBively  automatic  infitnunent,  which  can  continue  ite 
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operation  after  the  excision  of  the  brain.  As  with  the  spinal  cord,  »i 
with  it :  its  siniple  action  may  continue  though  its  comniissaral  action 
has  ceaaed,  and  tliis  either  through  conditions  of  disease  or  by  the  ad- 
ministration of  drugs.  In  lesions  of  the  brain  reapimtion  may  still  con- 
tinue, as  It  may  also  -when  sensation  and  voluntary  motion  have  been  ar- 
rested by  the  breathing  of  cliloroform. 

OF  TUE  PONS  VAKOLU. 

The  pons  varolii  conaistB  of  a.  loop  of  fibres  passing  from  one  cruf 
cerelielli  to  the  other,  around  the  tracts  of  communication  straMnw  or  Lh. 
between  tlie  cord  and  the  brain.  As  eliown  in  J*^/*/.  145,  pona  varolii, 
they  do  not  fomn,  a.  continuous  supertieial  coramisaure,  but,  at  a  certain 
distance  below,  interlace  with  the  fibres  of  the  pyramids ;  moreover. 
among  their  deeper  fibres  gray  vesicular  matter  occurs.  Tliat  they  con- 
stitute mainly  a  commissure  for  the  cerebellunL  is  apjjarent  from  the  cir- 
cuniBtancc  that,  in  tlioi^e  animals  which  have  the  median  cercbella,r  lobe 
only,  there  is  no  pons,  and  in  other  cases  its  relative  magnitude  is  in 
proportion  to  the  si:ie  of  the  cerebellar  hemispheres. 

FUNCTIONS  OF  THE  FOXS  VABOLn. 

The  functions  of  the  pons  varolii  are  tiierefore  twofold:  it  acts  as  a 
conductor,  and  also  as  a  nerve  centre.  In  the  first  respect,  it  Fufittiona  at 
is  the  clianncl  trom  the  spinal  column  to  the  cerebrum  and  po^- 
cetebelliim,  and  also  between  the  cerebellar  balvea,  and  experiments  upon 
it,  in  giving  rise  to  sensations  and  motions,  are  in  contbmiily  with  "vvhat 
we  should  anticipate  from  the  structure  and  functions  of  the  spinal  cord. 

In  the  second  respect,  as  a  nervous  centre,  it  has  been  stated  that,  whati 
the  cerebrum  ajid  ccrebclhun  are  removed,  but  the  pons  left  untouelied, 
an  animal  gives  tokens  of  sensation  when  pinched  or  irritated,  and  like- 
wise esecatea  motions  which  have  an  object;  these,  howevcrj  were  no 
longer  observed  aft<*  the  removal  of  the  pona. 

We  have  had  repeated  occasion  already  to  mention  that  the  sureei 
guide  which  can  he  followed  in  interpretations  of  the  func- 
tions  ot  the  nervous  system  is  comparative  ptiysioJogy.     Uur  ier'»  views  cjt 
views  of  the  action  of  the  smnal  cord,  medulla  obloneata.  ■l"' anato^-y  bv 
and  even  portions  above,  hereafter  to  be  described,  wdl  be  naUoniofvef- 
Kitidered  clear  by  a  knowledge  of  the  structure  and  func-  [^f^i'^*;^'^ 
tions  of  the  ventral  cord  of  the  artieulata,  the  analogy  of   ™rdof«rt£cii. 
which  to  the  parts  we  have  had  under  cansidcratbn  was   *"**" 
first  correctly  pointed  out  by  Dr.  Carpenter.     I  therefore  transcribe  fi"oni 
his  General  and  Comparative  Physiolqgy  the  following  paragraphs,  which 
present  his  views  with  perspicuity. 

"The  plan  on  which  the  nervous  system  in-  distributed  in  the  sub- 
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kingdom  artSculata  exliibits  a  remarkable  uniformity  tlirotnghout  the 
whole  seiies,  while  its.  character  gradually  hecomes  more  elevated  as  we 
trace  it  from  tiic  lowtust  to  the  highest  divisions  of  the  group.  It  usu- 
ally consists  of  a  double  nervoua  cord  studded  with  ganglia  at  intervals, 
and  the  more  alike  the  diH'crent  segmentSi  the  more  equal  are  these  gan- 
glia. The  two  Hlamenta  of  the  nervoua  cord  are  aometiincs 
at  a  considcrahle  distance  from  one  another,  and  the  ganglia 
are  distinct,  but  more  frequently  tliey  are  jn  close  apposition, 
and  their  ganglia  appear  shigle  and  cammon  to  hotli.  That 
which  may  seem  aa  the  typical  conformation  of  the  nervous 
Bystem  of  this  group  is  Been  in  the  ganglionic  cord  o(  srolo- 
pendra,  or  iu  that  of  the  larva)  of  most  insecta,  such  as  that 
of  the  sphinx  lii/ttstn,  Fig.  149.  Ilere  we  see  the  nervous 
cord  nearly  uniform  throughout,  its  two  lud-^es  heing  sepa- 
rated, however,  in  the  anterior  portion  of  the  body.  The 
ganglia  are  disposed  at  toleJ-ably  regulaj  intervals,  are  aimi- 
lor  to  each  other  in  size  (with  the  exception  of  the  last, 
which  is  formed  by  the  coalcBcencc  of  two),  and  every  one 
supplies  its  own  scgincntf  and  hsia  liltle  connection  with  any 
other.  The  two  filaments  of  the  cord  diverge  behind  the 
liead  to  inclose  tlie  tesophagua,  above  which  wc  find  a  pair 
of  ganglia  that  receive  tlic  nerves  of  the  eyes  and  antenna?. 
We  shall  find  that  in  the  higher  classes  the  inequality  in  the 
ibrmation  and  office  of  the  different  segments,  and  the  in- 
creased powers  of  special  sensation,  involve  a  considerable 
change  in  Iho  nervous  system,  which  is  concentrated  about 
the  head  and  thorax.  In  the  siniplcst  vemiiform  tribes,  on 
the  other  hand,  we  lose  all  trace  of  separate  ganglia,  the  nervous  cord 
passing  without  evident  enlargement  from  one  extremity  to  tlic  other. 
Whatever  may  be  the  degree  of  multiplication  of  the  ganglia  of  the 
trunk,  they  seem  but  repetitions  of  one  another,  the  functions  of  each 
segment  being  the  same  with  those  of  the  rest.  Tbc  c't;p.^u6V  ganglia, 
however,  are  always  larger  and  more  important.  They  are  connected 
ivith  the  organs  of  si^ecial  sense,  and  they  evidently  possess  a  power  of 
directing  and  controlling  the  movements  of  the  entire  body,  while  the 
power  of  each  ganglion  of  the  tmnk  is  confined  to  its  own  segment. 

"  The  longitudinal  ganglionic  cord  of  the  articulata  occupies  a  position 
which  secnia  at  first  sight  altogether  different  from  that  of  the  ner\'OUs 
system  of  vertcbrated  animals,  being  found  in  the  neighborhood  of  the 
ventral  or  inferior  surface  of  their  bodies,  instead  of  lying  just  beneath 
their  dorsal  or  upper  surface,  b'rom  the  history  of  their  development, 
however,  and  from  some  other  considerations,  it  has  been  suggested  that 
ttie  wAoIg  body  of  these  animals  may  be  considered  as  in  an  inverted  po- 
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sitioiif  the  part  in  wliicli  the  segmentation  ia  first  distingiiislicd  in  insects 
being  the  equi^'alcnt  of  tJie  <lorsal  region  in  TCrtebrata,  and  that  over 
which  t!ie  gei-miiial  membrane  is  last  to  close  in,  being  homologous  witii 
the  ventral  region.  This  view  applies  also  to  the  position  of  the  dorsal 
vessel,  whidi  would  tlien  he  on  the  ventral  side  of  the  axis,  as  in  verte- 
brate. Eegardcd  under  this  aspect,  the  longitudinal  nervous  tract  of  ar- 
ticulata  corresponds  with  the  spinal  cord  of  vejtebmted  animals  in  posi- 
tion, as  we  shall  find  it  does  in  fiinction. 

"  When  tlie  Btructnre  of  the  chain  of  ganglia  is  more  particnlarlj  in- 
quired into,  it  is  found  to  consist  of  two  digtinct  tracts,  one  of  whicli  is 
composed  of  nerve  fibres  only,  and  passes  backward  from  the  cephalic 
ganglia,  over  the  siuface  of  all  the  ganglia  of  the  trunk,  giving  ofl' 
branches  to  the  nerves  that  proceed  iiroiu  tliem,  wliile  the  other  includes 
the  ganglia  themaelves.  Hence,  as  in  the  n:iollu&c-a,  eveiy  part  of  the 
body  has  two  sets  of  nervous  connections,  one  with  the  cephalic  ganglia, 
and  the  otlier  with  the  ganglion  of  its  own  segment.  Impressions  made 
upon  the  afferent  tibres  wliicli  proceed  from  any  part  of  the  body  to  the 
cephalic  ganglia  become  sensations  when  conveyed  to  the  laiter,  while  in 
respondence  to  these,  the  consensual  impidses,  operating  through  the  ce- 
phalic ganglia,  harmonize  and  direct  the  general  niovementa  of  the  body 
by  means  of  the  cfiercnt  nerves  proceeding  from  them.  For  the  purely 
reflex  operations,  on  the  otiier  hand,  tlie  ganglia  of  the  ventral  cord  are 
sufficient,  each  one  ministering  to  the  actions  of  its  own  segment,  and  to 
a  certain  extent,  also,  to  those  of  other  segments.  It  has  been  ascertciined 
by  the  careful  dissections  of  Mr.  Newport,  to  whom  wc  owe  all  our  most 
nocurate  knowledge  of  the  nervous  system  m  articulated  animals,  that  of 
itbe  fibres  constituting  the  roots  by  which  the  nerves  are  implanted  in 
the  ganglia,  some  pass  into  the  vesicular  matter  of  the  ganglion,  and,  after 
coming  into  relation  with  its  vesicular  substance,  pass  out  again  on  the 
same  side  {I^iff.  Io0,y,  k),  while  a  second  set,  after  traversing  llie  vesic- 
ular matter,  pass  out  by  the  trunks  proceeding  from  the  opposite  side  of 
the  same  ganglion,  and  a  third  set  ran  along  the  portion  of  the  cord  which 

connects  the  ganglia  of  different  segments, 
and  enter  the  nervous  trunks  that  issue  from 
itiem  at  a  dist.ince  of  one  or  more  ganglia 
above  or  below. 

"/"i/,  150,  from  ganglionic  tract  of  poly- 
dcsmus  maculatus.  A,  interganglionic  cord  : 
/:,  anterior  nerves ;  d,  posterior ;  jf,  k,  fibres 
of  reflex  action ;  ^,  h,  commissural  fihros  ;  i, 
longitudinal  fibres,  softened  and  enlarged  as 
they  pass  through  the  ganglionic  matter. 
"  Thus  it  appeefs  that  an  impression  con- 
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veyed  by  an  afierent  fibre  to  any  ganglion  may  excite  motion  in  the  mus- 
cles of  the  game  side  of  its  own  se^ienl,  or  iu  those  of  the  opposite  side, 
or  in  those  of  segments  at  a  greater  or  less  distance,  according  to  the 
point  at  which  the  efferent  fibres  leave  the  cord  ;  and  as  the  function,  of 
these  ganglia  is  altogether  related  to  the  locomotive  actions  of  the  seg- 
ments, we  may  regard  them  as  so  many  repetitiona  of  the  pedal  ganglia 
of  the  molluBca,  their  multiplication  being  in  precise  accordance  with  that 
of  the  instruments  which  they  supply. 

^'  The  general  confonration  of  articulated  animals,  and  the  arrangement 
of  the  parts  of  their  nervous  systems,  render  them  peculiarly  favorable 
anbjecta  for  the  atudy  of  the  reflex  actions,  some  of  the  principal  phe- 
nomena of  which  will  now  be  described.  The  mantia  rcligiosa  custom- 
arily places  itself  in  a  curious  position,  especially  when  threatened  or  at- 
tacked, resting  on  its  two  posterior  pairs  of  legs,  and  elevating  ita  thorax 
with  the  anterior  pair,  which  aie  armed  with  powerful  claws ;  now  if  the 
anterior  segment  of  llie  tiiorax,  with  its  attached  members,  be  removed. 
the  posterior  part  of  the  body  will  still  remain  balanced  upon  the  fonr 
lega  wiiich  belong  to  it,  resisting  any  attempts  to  overthrow  it,  recover- 
ing it3  position  wlien  disturbed,  and  performing  the  same  agitated  move- 
ments of  the  wings  and  elytra  as  when  the  onmutilated  insect  ia  irritated ; 
on  the  other  hand,  the  detached  portion  of  the  thorax,  whicJi  contains  a 
ganglion,  will,  when  separated  from  the  head,  set  in  motion  its  long  arms, 
and  impress  their  hooks  on  tlio  fingers  which  hold  it.  Il'  the  head  of  a 
centipede  be  cut  otf  while  it  ia  in  motion,  the  body  will  continue  to  move 
onward  by  the  action  of  the  legs,  and  the  same  will  take  place  in  the 
separate  parts  if  the  body  be  divided  into  several  distinct  portions. 
After  these  actions  have  come  to  an  end,  Ihey  may  be  escited  again  by 
irritating  any  part  of  the  nervous  cenlrea,  or  the  cut  extremity  of  the 
nervons  cord.  The  body  ia  moved  forward  by  the  regular  and  succcfjsive 
action  of  the  lega,  as  in  the  natm"al  state,  but  its  movements  are  always 
forward,  never  backward,  and  are  only  directed  to  one  side  when  the  for- 
ward movement  is  checked  by  an  interposed  obstacle.  Qence,  though 
they  might  seem  to  indicate  conscionsneaa  and  a  guiding  will,  they  do 
not  BO  in  reality,  fur  they  are  carried  on,  as  it  were,  mechanically,  and 
show  no  direction  of  object,  no  avoidance  of  danger.  If  the  body  be  op- 
po.-eil  in  ita  progress  by  an  obstacle  of  not  more  than  half  of  its  own 
height,  it  mounts  over  it,  and  moves  directly  onward  as  in  ita  natural 
state ;  but  if  the  obstacle  be  equal  to  its  own  height,  its  progress  is  arrest- 
ed, and  the  cut  extremity  of  the  body  remains  forced  up  against  the  op- 
posing substance,  the  legs  still  continuing  to  move,  If,  again,  the  nerv- 
ous cord  of  a  centipede  be  divided  in  the  middle  of  the  tmnk,  so  that  the 
hindeJ  legs  are  cut  off  from  connection  with  the  cephalic  ganglia,  tbey 
will  continue  to  move,  but  not  in  harmony  wirh  those  of  the  fore  part  of 
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the  body,  beuig  coTiipletely  paralyzed,  so  far  as  the  animal's  controlitng 

power  is  concerned,  though  still  capable  of  pcribrniing  reflex  movementa 
by  the  influence  of  their  o-vrn  ganglia,  which  may  thus  continue  to  propel 
the  body  in  opposition  lo  the  dcteriniiiations  of  the  animal  itself.  The 
case  is  still  more  renmirkable  when  the  nervous  cord  is  not  merely  di- 
vided, but  a  portion  of  it  is  entirely  removed  from  the  middle  of  the  trunk ; 
ibr  tlie  anterior  legs  still  remain  obedient  to  the  animal's  control,  the  legs 
of  the  segments  from  which  the  nervous  cord  has  teen  removed  are  alto- 
gether motionless,  while  those  of  the  posterior  segments  continue  to  act 
through  the  reflex  powers  of  their  own  ganglia,  in  a  manner  which  ahowa 
that  the  animal  has  no  power  of  cliccking  or  directing  tliem. 

"Tiie  stimulus  to  the  reflex  movements  of  the  legs  in  the  foregoing 
cases  appears  to  be  given  by  the  contact  of  the  extremities  with  the  solid 
surlace  on  which  they  rest-  In.  other  instances  the  appropriate  impression 
can  only  be  made  by  the  contact  of  liquid.  Thus  a  dyiisvus  (a  kind  of 
water- beetle),  having  had  its  cephalic  ganglia  removed,  remained  motion- 
less as  long  as  it  rested  upon  a  dry  surface,  but  when  cast  into  water  it 
executed  the  usual  swimming  motions  with  great  energy  and  rapidity, 
striking  all  its  comrades  to  one  side  by  its  violence,  and  persiating  in 
these  for  more  than  half  an  hour.  Other  movementa  again  may  be  ex- 
cited through  the  respiratory  surface-  Thus,  if  the  head  of  a  centipede 
be  cut  0^,  and,  while  it  remains  at  rest,  Bome  IrritatlDg  vapor  (such  as 
lliat  of  ammonia  or  muriatic  acid)  be  caused  to  enter  the  air-tubes  on  one 
side  of  the  trunk,  the  body  will  be  immediately  bent  in  the  opix>site  direc- 
tion, BO  as  to  withdraw  itself  as  much  as  posisibic  from  the  intluence  of 
the  vapor  ;  if  the  same  irritation  be  then  applied  to  the  other  side,  the  re- 
verse movement  will  take  place,  and  the  body  may  be  caueed  to  bend  in 
two  Or  three  different  curves  by  bringing  the  irritating  vapor  into  the 
neighborhood  of  diftereut  parts  of  either  side.  This  movement  is  evi- 
dently a  reflex  one,  and  serves  to  withdraw  the  entrances  of  the  air-tubc& 
from  tiie  source  of  irritation,  in  the  same  nmnner  as  the  acts  of  coughing 
and  sneezing  in  the  liighcr  animals  cause  the  expidsion  from  the  air-paa^ 
sages  of  solid,  liquid,  or  gaseous  irritating  matters  which  may  liave  found 
their  way  into  them. 

"Krom  these  and  similar  facts,  it  appears  that  the  ordinary  movementa 
of  the  legs  and  wings  of  articulated  animals  are  of  a  reflex  nature,  and 
may  be  effected  solely  through  the  ganglia  with  which  these  organs  are 
severally  connected;  while,  in  the  pertect  being,  ihey  are  liarmonized, 
controlled,  and  directed  by  impulses  which  act  through  the  ceplialic  gan- 
glia, and  tlie  nerves  proceeding  from  them.  There  is  strong  reason  to 
believe  that  the  operations  to  whi\:h  these  ganglia  are  subservient  are  al- 
most entirely  of  a  consensual  nature,  being  hnraediately  prompted  by 
sensations,  chiefly  those  of  sight,  and  seldom  or  never  by  any  processes 
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of  B  truly  rational  clmracter.  When  we  attentively  consider  the  habits 
of  theBO  aniniala,  we  find  tliat  their  alCtion3^  though  eTidenlly  directed  to 
ihe  attainment  of  certain  entls,  are  very  far  from  being  of  t!ie  same  spon- 
laneoTis  nature,  or  trom  possessing  the  same  designed  adaptation  of  means 
to  ends  &8  those  performed  by  ourselves,  or  hy  the  more  intelligent  ver* 
tebrata  under  Ukc  circumstances.  We  judge  of  this  by  their  unvarying 
character,  the  diiferent  indiriduals  of  the  same  epecies  executing  pre- 
cisely tli6  same  movements  when  the  circumstances  are  the  same,  and 
by  thti  very  elaborate  nature  of  the  mental  emotions  which  would  be  re^ 
qiirred  in  ciany  instances  to  arrive  at  the  same  results  by  an  eftbrt  of 
reason.  Of  such  we  can  not  have  &  more  remarkable  example  than  is 
to  be  found  in  the  operations  of  bees,,  wasps^  and  other  social  insects, 
which  construct  habitHtiona  for  themselves  upon  a  plan  which  the  most 
enlightened  human  intelligence,  working  according  to  the  most  refined 
geometrical  principles,  could  not  surpass,  but  which  yet  do  so  without 
education  communicated  by  their  parents  or  progressive  attempta  of  their 
oflTi,  and  with  no  trace  of  hesitation,  confusion,  or  intemiptJon,  llie  dif- 
ferent individuals  of  the  conimnnity  all  laboring  cftectively  to  one  pnr- 
posct  bccaiiac  their  automatic  impulses  (producing  what  arc  usually  term- 
ed instinctive  actions)  are  all  of  the  aanie  nature. 

**  Not  only  are  the  locouiotive  ganglia  multiplied  in  accordance  ^rith  the 
repetition  of  segroenta  and  menibere,  but  the  reapiratory  ganglia  ara  mul- 
tiplied in  like  manner  in  accordance  with  a  repetition  of  re&piratory  o^ 
ganB.  The  respiratory  division  of  the  nervous  system  consists  of  a  chain 
of  minute  ganglia  lying  upon  the  burger  cord,  and  sending  off  its  delicate 
nerves  between  those  that  proceed  from  the  ganglia  of  the  latter,  as  seen 
in  ^iy.  151.  These  rcspb-atory  ganglia  and  their  nerves  are  best  seen  in 
the  thoracic  portion  of  the  cord,  where  the  cords  of  communication  be- 
tween tlic  pedal  ganglia  diverge  or  separate  from  one  another;  and  tliis 
ia  particularly  the  case  in  the  pupa  state,  when  the  whole  cord  is  being 
ahortenrrl  and  their  divergence  is  increasetl.  Tlie  thoracic  portion  of  the 
cord  is  alioivn  in  J^Jg.  152,  B,  which  represents  the  second,  third,  and 
fourth  double  ganglia  of  the  ventral  cord,  the  cords  of  connection  between 
them  here  widely  diverging  laterally,  and  the  small  respiratory  ganglia 
which  are  connected  with  each  other  by  delicate  filaments  that  pass  over 
Pio.  ir.r.  the  ganglia  of  the  ventral  cord,  and  which  send  off  lateral 

branches  that  are  diatribnted  to  the  air-tnles  and  other 
parts  of  the  respirator^'  apparatus,  and  commmiicale  with 
J  those  of  the  other  system." 

lUustrationa  of  the  nervous  system  of  the  artictdata. 
J^ig.  151,  A,  single  ganglion  of  centipede^  much  enlarged, 
A.  showing  the  distinctness  of  the  purely  fibrons  tract,  i,  from' 

""""^at  """"    the  gangiiomc  column,  a.     Ff^.  X52,  B,  portion  of  the^l 
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fwit.  m  double  cord  from  the  thomx  of 

*^j^^  the  piiprt  of  sphinx  ligiistri. 

7   Jfi^T  showing  the  respiratory  gan- 

f  1\  S'""'  ^"'^  iieri'ps  between  Uie 

'^Sjfl' Irif  gnnglia  2,  3,  4,  and  the  sepa~ 

•'i^A.V^  l.\  >      rated  cords  of  the  locomotive 
•"    y\     "V        system,      J'Ti^,  153,  C,  view 
fji\  oi  the  two  systems  combined, 

showing  their  arraTigenient  in 
tliG  larva;  a,  ganglion  of  tho 
ventral  cord ;  &,  fibrous  tract 
passing  over  it ;  c,  c,  respira- 

Itory  system  of  nerves,  distinct 
&om  both. 
Having  thus,  presented  the  -vaews  of  Dr.  Carpen- 
ter rcBiicethig  the  analogy  bet^veeii  tlie  ventral  cord 
of  the  articulata  and  the  spinal  cord  of  tlie  verte- 
brata^  I  should  next  continue  the.  explanations 
which  this  physiologist  has  offered  of  the  conncr,- 
tiona  and  relations  of  the  sensory  ganglia;  but  tliis 
can  not  be  conveniently  done  until  wo  have  passed 
through  the  description  of  the  organs  at  tlie  base  of 
the  brain. 
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CILUI'TER  XVL 

OF  THE  BRAIN. 

TV  Sraiii :   ils  Slrvi:liirt.—'Ila  Motor  and  Stmraiy  PnrU,  HfmUpltert*,  ami  Commiamtn*.— 

Tht  Smxanum. —  I'nri/ilioat  tif  I/hS  UmiiajJierti  trl  .SV;e  and  tt'rifffiL — InKtrKiiKolal  Nattrr 
'■/  f.'erillniiH.—  Tlit  CerthtUarii;  itn  SlJ-urtwe  and  f'anctioiis. —  Cct-irrjinnrt^  mufmiir  MoIuihs. 
—  Conaertioa  wilA  Aiffnlirenesn. — HinTHf/o^i/. —  Condilitmii  of  Ai-litm  q/'  {iraiit, 
SfmmefriniiDaM'-R'mtiyf'tieBrinn, — Ftmclian  of  ear:h  Ililf,  imel  of />ol>i  cmrjairufy. — latiepaiit- 
mce  and  Inimbvrdi Ration  a/  tucA  l/vnt'iriJ'fre.—LMiulik  Tliwijfu, — AbentuXa  Thourjht. — Saitl- 
ment  of  l^ro-tn^tsni^.^Lf^s  o/  i'lrcppiiua.  of  Time. 

The  cerebram  and  cerebellimi,  being  organs  additional  to  the  spinal 
cord,  and  developed,  as  has  been  shown  in  the  last  chapter,  „  .  . 
upon  it.  the  cord  being  able  to  discharge  its  own  functions  of  atruiiture  *f 
independently  of  tliera,  we  shall  find  It  at  once  the  moat  ^"^'"" 
natural  and  raoat  commodious  method  to  consider  their  structurea  as 
arising  out  of  its  stmctore,  and  their  functions  as  having  rehition  to  its 
functions. 

A  general  idea  of  the  stmctnre  of  the  brain  as  an  appendage  to  th'* 
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spinal  cord  may  be  gatiicretl  by  consLdering  that  a  bifurcation  of  the 
fibres  lakes  placo  in  the  lucduUa  oblongata,  and  upon  one  of  the  residt- 
iiig  bundles,  tlie  crus  cerebri,  tlie  cerebrum  is  found,  on  the  other  the  cer- 
pbi'llum.  The  eras  cerebri  is  thus  coiiiposed  of  three  stramls  :  an  infe- 
rioTi  the  fibres  of  which  have  come  from  the  anterior  pymiiiids,  anJ  i» 
part  from  ihe  olivary  boihea.  This  strjind  ends  in  the  corpus  strinluiii, 
its  fibres  iiot,  however,  blending  abruptly  witli  the  vesicular  uuitter,  bul 
paseing  into  it  in  bundles.  It  is  essentially  motor.  A  superior,  wliicL 
is  derived  fi-om  the  posterior  pyramids.,  aud  terniiuates  in  tin.'  thalamus. 
It  is  esscntUdly  pensorj'.  lietween  tlicse,  constituting  tlic  (liird  portion — 
atrand  it  can  Bcarccly  witii  propriety  be  called — is  a  layer  of  dark  vesic- 
uliir  iiiateriftl,  the  locus  niger.  It  iw  to  be  understood  that  the  motor 
stranda  of  tlie  opposite  eides  deciiBsatc  in  the  medulla  oblongata;  the 
sensory  strands  decussate  in  the  meaocepbalon. 

The  other  bundle,  arising  in  the  original  biAircfltlou,  assumes  the  dea- 
Poimirion  of  Jgnation  of  cruB  cerebelli.  On  it  the  cerebellum  i»  devel- 
(hoti-KijuUnni.  oped.  It  coneists  esacntially  of  tibres  from  the  restiform 
bodies,  re-enforced  by  olhera  which  have  come  from  the  anterior  ji^Tamida 
jmder  tlie  name  of  arcifonn  fibres.  Tlieae  together  make  their  way  to 
tho  interior  ganglion  of  tlic  cerebellum,  the  corpus  deiitatura,  aiid  there 
they  end..  But  ahc  crus  eerebelU  contains  likewise  two  other  great 
Strands ;  an.  inferior,  whioh  constitutes  the  commissures  of  the  two  cere- 
bellar heniiaphcrcs,  and  which,  running  round  the  entire  prolongations  of 
the  spinal  cord,  forms  the  j>ons  varolii;  a  superior,  the  procesana  cere- 
hell!  ad  testes,  which  unitcR  the  eerebellum  and  cerebrum. 

Of  the  portions  of  the  ppinal  cord  on  which  the  cerebrum  is  to  be  de- 
veloped, thoflc  which  are  sensor)'  end  in  the  optic  thalanms,  those  which 
arc  motor  in  the  corpus  fitriatum*  Tlic  thalamus  and  striatum  of  each 
side  may  be  regarded  as  one  compound  ganglion,  since,  like  the  colujuns 
of  the  cord,  they  are  entered  by  a  gray  and  a  white  commiasure.  Of  the 
portions  on  which  the  cerebellum  is  to  be  developed,  the  termination  ia 
in  the  central  ganglion  of  the  cerebellum,  the  corpus  dentatuiii. 

At  the  place  of  bifiircation  of  the  constituent  Btrands  of  tlie  crus  cere- 
bri and  cniB  cerebelli  from  each  other  in  the  medulla  oblon- 
gata, there  ia  intercalated  or  included  a  gjmglion,  which,  with 
ilB  apparatus,  conatitntes  the  olivary  body,  the  fibres  of  which  mak« 
their  way  upward  between  the  two  preceding  bmidlei*,  and,  ba\-ing  bi- 
furcated, one  branch  goes  to  the  r|uadrigemina  and  the  other  to  the  op- 
tic thalamiLS  the  latter  constituting,  as  has  been  said,  a  part  of  the 
cruH  cerebri.  The  seat  of  power  of  the  medulla  oblongata  ia  in  this 
ganglion. 

Such  being  the  anatomical  construction  of  the  eras  cerebri,  it  may  be 
physiologically  regarded  as  a  compound  strand,  the  anterior  portion  of 
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which  is  TOOtoTt  the  posterior  flcnsory  ;  and  hetwecn  these  n  Kerve*  of  ibe 
dark  vesicular  deiiosit,  the  lo'eus  nigcr,  which  is  cotitJtinoua  J^rJ^J,","n^,|^r^ 
Ijctweeii  the  vesicular  matter  in  the  spinal  coi"<J  and  that  of  ^pcctiveiy. 
ihe  thalamus  and  coqjus  striatuni.  From  tho  lowest  extremity  of  tlw 
cord  to  these  great  ganglia  there  is,  therefore,  an  unbroken  vesicidar 
channel.  In  its  progress  onward  to  tlie  corpus  striatimi,  the  anterior 
strand  yieJda  roots  of  the  spinal  accessory,  hypoglossal,  facial,  abducens, 
the  small  root  of  the  fifth,  the  trochlearia,  and  the  oculo-niotor  nen'es. 
If  there  were  no  Other  proof  of  the  motor  character  of  this  strand,  tht 
motor  property  of  all  tlicsc  ner^'c?  would  be  sufficient  to  determine  it. 
In  iiko  manner,  the  posterior  strand  yields  the  pneuniogastric,  the  glosso- 
pharyngeal, and  the  sensory  root  of  the  fifth,  trom  the  sensory  functions 
of  which  its  sensory  character  la  ostablisUcd. 

The  lavcr  of  vesicular  matter  wliioh  ia  found  upon  the  cerebral  convo- 
lutiona,  and  which  is  doubtless  the  seat  of  the  higher  tntel-  Relation  ofth.' 
lectual  qualities,  ha^  therefore  no  communication  with  the  'ei^fthci™m 
vesicular  matter  of  the  spinal  axis,  by  contact  or  continua-  ""riierL-s, 
lion,  hut  only  through  the  intervention  of  fibres  which  radiate  upon  it  in 
alt  directions  from  the  thalamus  and  striatum,  or  rather  through  some 
which  radiate  from  the  great  sensory  centre,  the  thalamus,  to  tlic  pcriph- 
cry  of  the  cerebrum,  and  others  which  converge  from  that  [.reriphery  to 
the  great  motor  centre,  tlie  strintum.  If  the  diameter  of  theee  fibres  b(^ 
as8Uine<l  to  be  |'|,^,;^j  of  an  inch,  there  must  be  many  miltiona  of  them 
in  the  aggregate.  The  vesicular  matter  of  the  hemisphere  ia  ananged 
i>n  the  superficies  instead  of  centrally,  on  account  of  the  necessities  of 
ih-eir  structure  and  condition  of  activity,  for  thereby  a  great  surface  is 
obtained,  which  ia  further  increased  by  the  artifice  of  convolulioiia.  a  ve- 
hicular suri'acc  whic'hy  counting  in  that  of  the  cerebellum,  has  been  esti- 
mated at  G70  square  inches,  and  blood  can  be  copiously  supplied  and 
treely  removed. 

But  the  thalamus  and  atriatum  are  only  two  of  a  chain  of  ganglia  be- 
neath the  cerebral  hcniispheres.  Anteriorly  we  find  the  ol-  cuiiKlia  at  thr 
faclive  ganglia,  or  bulbs  of  the  olfactory  nerves,  which  are  bajie  urth* 
seated  upon  peduncles,  though  their  ciiaracter  is  manifest  from 
Ihe  gray  matter  they  contain.  Behind  these  arc  the  tuberculn  quadri- 
gemina,  to  which  the  optic  nerves  run,  and  which  are  therefore  their  gan- 
glionic centres.  AVIiat  answers  to  the  auditory  ganglion  ia  lodged  at  a 
distance  back,  at  the  fourth  ventricle,  and  the  gustatory  ganglion  is  in 
the  medulla  oblongata.  These  are  the  ganglia  of  special  sense,  and  to 
be  regarded  aa  subordinate  to  the  tlialamus,  which  ia  their  common 
register, 

All  these  parts  are  commissurcd  with  one  another,  and  with  their  fel- 
lows of  the  ojiposite  half  of  the  brain.     Indeed,  so  likewise  arc  all  its 
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commUsuresof  parts,  tKo  diffeient  cerebral  lobes,  the  opposite  licmispheree, 
cLe  brain.  aJjaccnt  and  distant  convolutions,  the  cerebram  with  the 

cerebellum.  Hence  arises  a  structure  of  extreme  complexity.  Among 
the  commissural  ap|«iratus  rnay  be  more  particularly  mentioned  the  cor- 
pus callosiim,  the  fornix,  the  anterior,  the  posterior,  the  soft,  and  the  su- 
perior longitudinal  commissures. 

For  the  sake  of  a  clear  conception  of  the  stnictnre  of  the  brain^  so  far 
Aipecu  or  thn  ^^  13  required  for  physiological  purposca,  the  annexed  reprc- 
<jnin.  Bcntations  of  its  superficial  nspccta  are  ^ven.     Thciie  are  a 

preparation  for  the  diagrammatic  gkptches  which  follow,  and  whicli  ena' 
b!e  ua  to  understand  the  rehition  and  deijendence  of  the  more  prominent 
parts.  It  need  scarcely  be  added  that  the  uses  and  functions  of  nearly 
all  the  subordinate  parta  arc  at  pre.sejit  wholly  (uiknown.  For  the  time 
being,  they  arc  therefore  objects  of  interest  to  the  anatomist  rather  than 
to  the  physiologiat- 

^iff.  154,  externa]  lateral  face  of  the  tight  half  of  the  lirajn :  1,  me- 
dulla oblongata;  2,  pons  varolii;  3,  cerebellum  ;  4,  pueumogastrlc  lob- 
ule; 5,  frontal  convolutions;  G,  parietal  convolutions  ;  7,  cwcipital  coh' 
volutions ;  8,  fissure  of  Sylvius ;  &,  9,  Its  two  branchea. 

P^-  IBA  Fig.  KA 


I^itcitiiil:  latcinl  tucb  d(  thc'  btnlD. 


^y.  155,  superior  aspect  of  the  brain  ; 
1, 1,  anterior  lobes ;  2, 2,  posterior  lobes ; 

3, 3,  great  median  fissure;  4,4,  fissurea  a..y.ri.r.q>«ct.fth.i,^ 

of  Rolando;  5,  5,  anterior  parietal  convolutions;  C.  6,  posterior  parietal 
eonvolutiona;  7,  7,  mdimcntary  parietal  convolutiona;  8,  8,  frontal  con- 
volutions ;  9,  9,  occipitii]  eonvolutions. 

J^ig.  156,  internal  lateral  faco  of  the  right  Imlf  of  the  brain:  1,  half 
of  medulla  oblongata ;  2,  hall' of  pons  varolii;  3,  halt' of  crus  cerebri ;  4. 
arbor  vitw  of  cercbcHuni ;  -3,  aqueduct  of  Sylvias ;  6,  half  of  the  ^-ftlve 
of  Vieussens ;  7,  two  of  the  tubercula  quadrigemina;  8,  lialf  of  the  pin- 
eal gland ;  9,  its  inferior  peduncle ;  10,  its  anterior  peduncle ;  1 1,  tnns- 
vAse  portion  of  the  tissure  of  Bicliat;   12,  superior  face  of  the  optic  tract ; 
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13,  ita  internal  face  j  14,  commis- 
sura  mollis;  15,  infiindibnlum;  16. 
portion  of  pituitary  gland  ;  17,])or- 
tion  of  tuber  cinereum;  18,  pisiform 
tuberele;  19,  locus  perfomtus;  20, 
oculo-rootor  nerve ;  21,  portion  of 
optic  nerve ;  22,  anterior  cercsbral 
commissoie ;  23,  foramen  of  Mod- 
roe ;  24,  fornix ;  25^  septum  luci- 
dum ;  26,  corpus  callosum ;  27, 
spLeriium  ;  28, genu;  2 9^  sinus  of 
the  corpus  callosum ;  30,  gyrus 
fomicatus ;  31,  internal  couvolu- 
tioa  of  the  anterior  lolffi :  32,  deep  anfractuosity ;  33,  convolution  of  pos- 
leriorlobe;  34,  anfractuoaitj'. 

r^ff^bi,  Jf'l(^,  157,  hase  of  the  brain,  photo- 

graphed from  a  wax  cast :  1,  1,  anteri- 
or lobca;  2, 2,  middle  lobes ;  3,3,  po&~ 
terior  lobes ;  4,  anterior  portion  of  great 
median  fissure ;  5,  its  posterior  portion : 
6,  6,  fissures  of  Sylv-ius  \  7,  7,  antero- 
posterior portions  of  tJie  great  fissure 
.  of  Bichat;  8,  tuber  einereum ;  9,  0, 
corpora  albicJintia;  10,  locus  pertoratus 
medius ;  11,11,  crura  cerebri ;  12,  pons 
varolii;  13,  medulla  oblongata;  14, 
14,  anterior  pjTamiclB;  15,  15,  olivarv 
bodies;  16,  16,  restifomi  bodies:  17* 
17,  lateral  lobes  of  the  cercbelluin  ;  IS, 
iiii*;ufii,<!\.™iii,  •  portion  of  its  middle  lobe;    19,  19, 

iwo  small  antcro-posterior  convolutions  of  the  froulal  lobe,  separated  by 
tlic  groove  of  the  ollkctory  nerve;  20,  oblique  convolution,  limitijig  the 
tiasurc  of  Sylvius ;  21,  convolutiou  of  the  gi-cat  cerebral  fiseiure;  22,  ol- 
iactory  nerve  :  23,  ita  bulb ;  24,  24,  ojitic  uerves  and  their  cbilasm ;  2b, 
25,  oculo-motor  nciTCs ;  9G,  26,  pathcfici;  27,  27,  great  and  small  root? 
of  tlic  trifacial;  28,26,  c-^vtcmal  oculo-motor  nerves;  29, 20, faciid  nerves: 
30,  30,  auditory;  31,  31,  glosso-pharj-ngcal;  39,  32,  pncumogastric 
ner\-es ;  33,  33,  spinal  acceasory ;  34,  34^  ^at  hypogloaaal.  In  thiB 
engraving  several  of  the  sjTnmetrical  nuujLera  are  not  repeated,  fos*  the 
?!akc  of  clcaniesa. 

Fhj.  158  ia  an  analytical  diagram  of  the  brain  in  a  vertical  section 
'from  Mayo).  It  serves  lo  impress  on  fiic  mind  the  foregoing  stmctara  of 
stmetural  descriptions,     s.  Spinal  cord  preparing  for  bilurca-  ^^  '*""'• 
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avoidable  that  the  chain  of  ganglia  now  under  conaideration  must  coo- 
atitute  a  sensorium,  the  centrijictal  tibrea  communicating  their  irapressioii 
and  motion  ensuing,  the  impressions  being  attended  with  conainoiisness. 
Thia  view  is  moreover  eubstantiated  by  obBervations  made  after  excision 
of  the  cerebrum,  a  certain  dcf^Tec  of  consciousness  remaining,  not  unlike 
ihiit  exhibited  by  a  man  who  is  half  asleep.  This  condition  of  things  is 
naturally  presented  in  the  amphioxiia. 

But  after  the  cerebral  kemisphercs  are  added,  an  iinprtission  received 
Eflcetoftiiond-  "F°^  '■'^^  thalamuev,  whether  it  has  conic  in  through  the  sen- 
xiiiioii  (jfthu  sory  ganglia,  or  any  other  sensory  part  of  the  cranio-ispinal 
■  ere  mm.  axis,  19  transmitted  to  the  convolutions  along  the  radiating 

fibres.  From  the  convolutions,  the  influGnce  which  is  to  produce  mo- 
tion descends  along  the  converging  fibres  to  the  striatum,  thence  along 
tlie  inferior  layers  of  the  cms,  tlirough  the  raeaoeephalon  to  tlic  anterior 
pjtamids,  and  by  their  decnssalion  to  the  opposite  side  of  the  cord. 

Such  is  the  view  which  Dr.  Carpenter  presents  of  the  functions  of  thr 
aensorj-  ganglia  and  spinal  axis  ;  or,  employing  the  tenna  we  Jiave  pre- 
viously definedt  the  cord  alone  is  a  longitudinal  eerica  of  automatic  arcs  : 
on  the  a^ldition  of  the  thalamus  and  striatum,  it  l^ecomea  a  compound 
registering  arc,  the  cerebral  heniispherea  finally  annexed  to  it  constitut- 
ing an  influential  arc. 

In  .1  simple  are,  an  iniprepsion  is  at  once  converted  into  motion,  and 
leaves  behind  it  no  tracer ;  its  expenditure  is  instantaneouB  and  complete. 
Ill  a  registering  arc,  a  part  of  the  impression  is  stored  up  or  renuun* — 
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naj,  even  tUc  whole  of  it  maj-  be  so  received  and  retained.  It  is  not  to 
be  ovcrlonked  that,  as  soon  as  thia  effect  Occufa,  the  evidences  of  gcnsatioii 
arise;  and,  Rince  sensation  necessarily  implies  the  existence  of  ideas, 
ideas  tlscmaelvcs  are  doubtless  dependent  on  this  partial  retention  or  rcg- 
istry  of  impressions.  We  may  tlierefure  adopt  the  doctrine  of  Dr.  Car- 
penter, as  rtgards  the  sensorial  functions  of  the  cranio-apinal  apparatus, 
not  only  from  tlic  argumenta  he  haa  presented,  but  abo  from  other  con- 
BideratioDS. 

There  can  be  no  doubt  that  the  cerebral  hemLgplieres  constitute  the  in- 
Btrunient  through  which  the  mind  exerts  ijg  influences  on  the  r.utiMBl  wsiili 
tody.     Any  injury  of  sufficient  severity  inflicted  upon  them  f  '■'*""iioiii 
ia  at  once  attended  with  a  total  loss  of  intellectual  power;  w!i^-iiii,fiiie 
any  malformation  or  lesion  by  disease  is  attended  by  a  dete-  '»'?«'"[' '•trea. 
rioration  IjcIoiv  the  customary  mental  standard;  any  unusual  develop- 
ment with  correspondingly  increased  powers  of  intellection ;  and  this  not 
only  as  regards  animals  of  different  tribes,  or  individuals  at  siwcial  peri- 
ods of  their  lives,  but  also  of  dificrent  meu  when  compared  with  one  an- 
otlier.     The  gctieral  impression  ig  founded  in  fact  that  those  who  ha\-e 
distinguished  themselves  for  mental  attainments  or  intellectual  power 
ha\'c  been  marked  by  the  iinueual  development  of  their  cerebral  itenii- 
Bphercs. 

It  is  to  be  understood  that,  in  thus  asserting  a  correspondence  between 
the  development  of  the  cerebrum  and  inteUectaal  eapability,  ^^^^  ^  . 
we  are  not  to  overlook  the  instnimental  nature  of  that  organ,  nuture  *f ««- 
Though  irapcrfcclions  in  it  may  produce  a  manifest  inferior- 
ity, that  inferiority  is  by  no  muans  to  be  rcfenvd  to  the  intellectual  prin- 
ciple itself.  The  mode  of  action  being  by  an  instruntcnt,  if  that  instru- 
ment becomes  imperfect  the  action  becomes  imperfect  too.  Under  such 
cireumstancGfl,  in  any  liuman  contrivance,  we  should  never  think  of  im- 
puting inferiority  to  the  prime  mover. 

From  this  point  of  view  we  may  therefore  consider  the  intellectual  prin- 
ciple aa  possessing  jiowcrs,  propertie^^  and  faculties  of  its  own  ;  as  being 
acted  on  by  iinpressioaa  existing  in  the  thalamua,  and  debvered  through 
the  intervening  fibrous  structures  to  the  vesicular  material  of  the  convolu- 
tions of  the  cerebral  heniispheree.  In  this  region  they  act  upon  the  in- 
tellectual principle  and  arc  acted  upon  by  it,  the  returning  influence,  tt" 
any,  coming  down  through  the  converging  tubular  Btrucliires  to  the  cor- 
pus striatum,  and  by  its  commissural  connections  sent  off  to  particular 
ganglia,  passing  along  the  inferior  strand  of  the  crua  througli  the  mcso- 
I  cephalon  to  the  anterior  pyramids,  and  by  their  decussation  to  the  oppo- 
site side  of  the  cord. 

llaWng  thus  spoken  of  the  sensory  ganglia  and  the  cerebral  hemi- 
Bphereft,  it  remaina  to  add  some  remarks  respecting  the  cerebellum.     It 
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TTms  ccrebci-  arises,  aa  has  teen  stated,  from  the  triple  strand  of  tlitj  eras 
lam.  cerebelli,  of  which  one  layer  of  tibrea  is  connected  with  the 

corpora  qundrigpmina.  and  through  tbem  with  the  opiic  thalami;  a  sec- 
ond with  tiie  reslitbrm  Lodiea ;  ai]d  the  third  ia  com  miss  ural,  and  passes 
tbrward  as  the  poiia  varolii. 

Like  the  cerehrum,  thia  organ  is  veaicular  on  its  surface-,  which  pre- 
seuta  a  number  of  parallel  Unca,  which  are  tissures  dcrireiidiiig  to  the  in- 
terior. Their  object  is  Apparently  tho  {»amc  as  that  of  the  convolutions 
of  t]je  brain,  the  augmentation  of  .surface.  Of  these  fissures,  the  deep 
are  termed  the  primary :  llicy  divide  the  organ  into  lobes.  Those  which 
descend  to  a  less  depth  are  termed  aecoudaiy :  tho  divisions  they  give 
rise  to  ate  lobules.  The  gray  vesicular  material  does  not,  however,  de- 
scend to  tJic  bottom  of  the  primary  Itssures,  and  in  this  rcispect  they  dif- 
fer from  the  cercbrsJ  convolutions.  Moreover,  from  thia  circumstance, 
that  material  i&  not  continuous  all  over  the  cctebclltitn,  but  h  in  divided 
portions. 

Such  are  the  appearances  presented  on  an  exterior  examination  of 
strociupo  of  the  cerebelhim.  Viewed  as  a  development  upon  the  crura 
Lhe  cerebellum,  cprchclli,  it  may  be  described  aa  consisting  of  a  median  lobe 
and  two  hcmisphcrcB ;  the  former  is,  however,  found  existing  alone  in  tish- 
es  and  reptiles,  the  lalfcr  being  subaequcntly  added  in  tiie  higher  tribes. 
From  the  central  column  of  eacli  hemisphere  while  6brous  planei  are 
giv(^n  off,  and  from  these,  again,  secondary,  and  a^ain,  tertlar)'  planes 
proceed.  The  planer  are  covered  with  vesicular  matter,  and  thus  give 
rise  to  the  appranmcc  spoken  of  in  the  preceding  i>aragraph,  in  the  exte- 
rior examinalion  of  the  cerebellum,  as  priniaiy  and  secondary  tissures. 
They  are  lined  wiiii  pia  mater.  The  median  lobe  ia  formed  on  the  aame 
plan,  Ila  fibrous  stem  cornea  from  tlie  proccasus  ecrebcHi  ad  testes,  or, 
more  properly,  from  the  oplic  thalamus.  The  weight  of  the  cerebellum^ 
compared  with  that  of  the  cerebrum,  is  usually  stated  as  being  about  1  to  8. 

Sluch  diversity  of  opinion  prevails  respecting  the  true  function  of  the 
cerebellum,  some  supposing  that  it  is  tljc  centre  of  common  sensation* 
others  that  it  is  for  the  purimse  of  co-oi-dinating  muscular  movement, 
and  others  that  it  is  the  scat  of  sexual  in»linct. 

That  the  cercbclium  is  one  of  the  sensory  ganglia  may  be  inferred  from 
Function  of  iha  the  histoiy  of  its  development  and  its  anatomical  connet- 
LfiToMtiim.  tions.  1(3  median  lobe  is  the  first  to  appear,  as  in  lishes, 
and  the  hemlspheriia  arise  subsequently  as  appendages  thereto,  as  iu 
birds.  The  size  which  these  eventually  attain  gives  them  a  deceplivo 
prominence,  and  iddes  their  subordinate  character.  Regarding  the  lobe, 
therefore,  as  the  essential  and  fundamental  portion  of  the  Btructurc,  the 
significance  of  its  cerebral  connection  with  the  thalamus  through  the  pro- 
cessua  ad  testes  is  too  obvious  to  be  overlooked.     .Va  by  this  its  scnso- 
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ly  character  is  displayed*  so  the  same  holds  good  for  the  hemispheres, 
tlieir  relations  with  the  spinal  cord  through  the  r<?3tiff>nn  hodica  being 
also  of  a  sensory  nature.  It  sceins  probable  that  the  superficial  vesica- 
lar  material  h  in  anatomical  connection  with  the  thalamus,  and  the  cor- 
pus denlatum  or  inner  gAngtin  with  the  posterior  or  sensory  columns  of 
the  cord. 

The  ar^iraents  which  have  been  brought  tbrward  by  those  who  sup- 
pose the  cerebellum  to  hnve  for  its  office  tlie  cD-ordinalion  of  Thp  iifwtrinf 
general  muscular  movement*  may  be  briefly  quoted  as  fol-  *""!'  '^  '^'^'f'- 

&  '        J'  J    1  notes  tnuflcolar 

lows  :   There  appears  to  l>e  a  gcncml  correspondrnce  between  moiiou. 

its  size  and  the  degree  of  energy  and  complication  of  the  motor  powers 
in  varioa9  animals.  Thus,  in  fishes,  and  likewise  in  birds,  those  tribes 
which  excel  in  their  powers  of  motion,  or  are  distingnished  by  the  com- 
plication of  tlieir  movements,  are  characterized  by  the  manner  iu  which 
this  oi^an  ia  developed  ;  and  tlie  same  tnay  be  said  even  of  the  mamma- 
lia, qnadrupeds  whose  loccmiotlve  mcchaniam  ia  simple  possessing  it  in 
a  lower  state  of  development  tlian  those  which  either  temporarily  or 
constantly  more  on  the  posterior  extremities.  Among  apca,  those  which 
more  fretjuentiy  fl-ssiime  the  erect  posture,  which  is  tiomial  to  tnan,  kare 
their  cerebellum  of  a  si^e  more  closely  approaching  to  hia. 

On  examining  such  facts,  it  appears  tJjat  it  is  not  so  much  muscular 
power  as  the  qoalily  of  co-orJinating  and  governing  minute  muscolar 
motions.  To  maintain  the  standing  position  niotionlcaa,  there  are,  in  re- 
ality, a  great  many  muscular  movements  required,  which  ser\"e  to  antag- 
onize all  the  little  incidents  producing  a.  tendency  to  fall ;  and  if  this  be 
90  in  standing,  how  much  more  difficiJt  mnst  snch  antagonizing  and 
compensating  actions  become  in  walking,  running,  and  such  movements, 
Theoreticallyt  it  might  be  expected  that  some  special  organ  is  necessary 
to  combine  such  various  actions,  and  that  organ  seems  to  be  the  cere- 
beilnm. 

In  confirmation  of  this  arc  the  e-vperimental  resnlls  which  have  been 
obtained.  The  cerebellum,  on  irritation,  gives  rise  to  no  nsmUsorex. 
convulsive  motions,  nor  to  sensations.  If  removed  by  de-  fh""^^f 
grees  in  successive  slices,  the  motions  of  the  animal  become  '"'"■ 
irregular,  and,  finally,  it  loses  all  power  of  walking  or  of  maintaining  its 
equilibrium.  Tliough  tiic  powers  of  the  animal  in  bringing  its  muscles 
into  contraction  seem  not  to  have  suffered,  it  can  not  co-ordinate  or  com- 
bine the  necessary  muscular  exertions,  and,  as  is  graphically  Btated*  stag- 
gers and  falls  over  like  a  drunken  man,  stiil  making  efforts  to  maintain 
its  balance.  Such  experiments  have  been  repeatedly  made  in  the  case  of 
different  animals,  and  with  the  same  results. 

ConnL'cted  with  these  results  of  e.\pcrimental  lesions  of  the  cerebeUnm 
are  the  rotations,  as  ihcy  are  termed,  which  occur,  for  cxamplciwhen  one 
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Botan- rioiao»«  of  the  crura  cerebelli  is  cut,  the  anfmal  rolling  upon  its  lon- 
ofnnimaii.  gituduial  Bxla  for  a  long  time  and  with  gieat  rapidity. 
From  such  facts,  it  has  therefore  been  connludcd  that  tlie  function  of  the 
cerebelLutn  is  neither  for  sensation  nor  inlellection,  nor  is  it  the  source  of 
voluntary'  raovenicnts,  but  that  it  is  for  the  government  or  control  of 
combiin«.'d  muscular  action.     Tliia  ia  the  view  of  II,  FloureriB. 

M.  Foville  supposes  that  the  cerebellum  is  for  the  j>crceptiou  of  the 
DwirSne  thai  sensalionS  derived  from  the  muscles,  and  enabling  the  mind 
cerebtitiim  i«    ^o  csert  a  puidinff  action.     The  facts  which  support  the  pro- 

for  iliu  perccp-  ,,  .     ^  ,.   ,,  ■         i  .,  ,      ■  -        i- 

tioo  of  miievu-  ■cediTig  vicw  support  this  also,  tliere  being,  moreover,  m  this 
iMsensaUonji.  casB,  an  fldditJomd  argument  derived  from  the  connection 
which  the  cerebellum  has  been  shovm  to  maintain  with  ihc  sensorr  col- 
omns  of  the  cordt  and  the  pain  experienced  on  irritating  the  rcstilbmi 
coluniiia.  It  Las  likewise  been  pointed  out  that  this  liyjxithesia  illus- 
trates tlie  connection  between  the  cerebellum  and  tlic  optic  ganglia,  aa  if 
it  were  for  the  purpose  of  bringing  the  organs  of  sight  to  the  aid  of  tliis 
co-ordination  of  muscular  motion. 

A  third  hj'pothesis,  to  which  allusion  has  been  made,  ia,  tliat  the  cere- 
ff  ,-  ji^  ,  belluni  ia  the  organ  of  flcxual  instinct,  or  of  amativenesa,  as 
it  Li  ifaL' orfran  it  Is  tcJTncd  by  pliTcnoIogiatfi.  Tlie  evidence  of  this,  when 
nf-mMivmcM.  f^jj.]^  examined,  is,  however,  very  far  from  afibrding  a  full 
proof;  indeed,  in  many  instances  tho  facta  arc  in  direct  oppo&ition  lo 
the  doctrine.  In  castrated  asiintals  the  cerebeliuni  undergoes  no  dimi- 
nution. There  is  no  coincidence  between  the  intensity  of  that  instinct 
in  the  different  animal  tribes  and  the  degree  of  development  of  this  or- 
gan :  and  where  it  has  been  in  a  diseased  condition,  tlicrc  has  not  liecn  a 
necessary  correspondence  between  the  lesion  and  the  loss  of  the  instinct. 

This  vicw  of  the  function  of  the  ccrcheUura  is  connected  witli  the  doc- 
trine of  special  locftlizalion,  or  phrenology,  which  may  therefore  be  here 
briefly  considered ;  the  general  expression  of  this  doctrine  being  that  par- 
ticular regions  of  the  brain  arc  devoted  to  special  functions, 
and  that  by  an  inspection  of  the  exterior  of  the  cranium  men- 
tal i>eculiaritica  may  be  detected.  Drs.  Gall  and  Spiirzhclm  considered 
that  this  vicw  is  supported  by  the  fact  that  the  specialization  of  function 
in  the  brain  ia  agreeable  to  (he  general  niechanisni  of  the  svstem,  in 
which  particular  organs  are  charged  with  particular  duties ;  tliat,  in  any 
individual,  tho  mental  powers  ate  not  equally  or  proportionally developedl, 
but  some  at  one  and  some  at  another  period  of  life,  and  so  likewise  of  their 
decline,  some  remaining  at  their  original  (*trength.  while  othera  may  liave 
Argumeiita  in  bccomc  seriously  impaired.  Il  does  not  appear  how  such 
f^'iatl^"!?  '"'"=*^  *^^  ^  explaltied  upon  the  hypothesis  that  tlie  whole 
'■^AciioBB.  brain  acts  as  a  unit.  They  may  be  readily  nnderslood  if  it 
supposed  to  act  by  parts  which  are  devclojwd  in  succea$ion.     The 


WEICHT   OF   THE   BRAIK. 


335 


aame  concluaion  is  arrii-ed  at  from  well-known  facts  connected  with  in- 
sanity, in  wliicb  it  very  lirequently  tiappcns  tliat  some  of  the  fniMiIties 
alone  ore  deranged,  while  the  others  retain  tlieir  power,  and  some  may 
even  become  more  perfect  than  Leibre :  so,  likewise,  in  dreaming,  some 
of  the  faculties  retain  their  activity,  while  others  hare  Taecome  toraid; 
and  so,  likewise,  when  different  individuals  are  compared,  some  exhibit  a 
superiority  in  one,  and  some  in  anotlier  mental  particular ;  and  it  la  as- 
serted that  where  the  same  peculiarity  htis  predominated  in  diflferent  in- 
dividnala,  it  has  alwayR  been  attended  by  an  unusual  development  of  ft 
special  locality  of  tlio  brain.  Nor  is  there,  in  these  -^-iews,  any  thing  that 
stands  in  contradiction  to  the  general  plan  upon  which  the  nervous,  sys- 
tem itself  is  constituted,  as  is  manifested  by  the  different  sensorj'  gan- 
glia for  ™ion,  hearing,  or  &mell,  or  the  arrangement  for  motion  or  sensa- 
tion presented  by  the  pptna!  cord;  and,  morc^over,  they  are  supported  by 
tJie  comparative  anatomy  of  this  system  ;  for,  whatever  grade  of  animal 
life  we  may  consider,  the  appearance  of  a  new  fiinction  or  of  a  new  in- 
stinct is  certain  to  be  connected  with  a  new  and  coJitemporaneou3  devel- 
opment of  some  part  of  the  nervous  system. 

The  facts  which  have  been  observed  in  cases  where  one  cerebral  hem- 
isphere has  either  suffered  lesions  or  lost  its  functions,  do  not  present 
any  contradiction  to  the  preceding  doctrines;  for^  though  the  remaining 
hemisphere  may  seem  to  act  equally  well  alone,  as  did  both  together,  wc 
are  very  apt  to  deceive  ourselves  as  regards  the  actual  facta,  a  statement 
which  may  be  illustrated  by  recollecting  how  easily  we  persuade  our- 
selves that  we  sec  with  one  eye  as  well  as  with  two.  No  doubt,  in  many 
of  the  ordinary  cases,  one  iicmisphcrc  of  the  brain  may,  like  one  eye,  seem 
to  act  well  enough,  but  a  more  critical  examination  proves  tJiat  in  other 
eases  this  is  fnr  from  being  true.  That  the  two  hemispheres  act  sever- 
ally and  separately  ia  dear  from  what  sometimes  ensues  in  diseased  con- 
ditions of  one  of  them,  or  when,  perhaps,  there  is  a  want  of  symmetry 
between  them,  those  remarkable  forms  of  mental  derangement,  some- 
times known  under  the  designation  of  double  life  or  duality  of  mind, 
tlien  ensuing. 

In  man,  the  weight  of  the  brain  averages  about  fifty  ounces ;  in  fe- 
males, about  forty-five ;  the  maximum  being  aboiit  sixty-four,  weightofihe 
and  the  minimum  about  twenty;  in  the  case  of  idiots,  the  *"""'"■ 
mean  specific  gravity  of  the  gray  matter  ts  stated  by  Dr.  Sankey  to  be, 
in  both  sexes,  1.034,  but  somewhat  less  early  and  late  in  life-  The 
specific  gravity  of  the  white  is  1.041,  and  this  varies  less  with  sex  and 
time  of  life  than  the  former. 

The  fimctional  activity  of  the  bratn  depends  on  the  copious  supply  of 
arterial  blood.  It  Ja  computed  that  one  fifth  of  the  whole  quantity  in 
the  circulation  is  sent  to  this  organ.     It  is  delivered  through  the  two 
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Sntplvof  internal  carotid  and  ta-o  vertetTal  arteries.  The  impottts  of 
Mood  to  the  the  current  is  checked  by  the  sinuous  course  those  vessela 
"■  take,  or  b^'  their  bn^king  promptly  ittto  cftpiUajy  branches. 

A  freedom  of  anastomosis  among  them,  aa  is  well  displayei]  in  the  circle 
of  Willis,  affords  «lnuid»Et  provision  for  accidental  aioppoges  or  re- 
stxairits. 

Although  tlic  brain  ie  indosed  in  an,  anyioldiiig  canity,  it  is  subject  to 
,  .  the  preasure  of  the  air,  a  fact  which,  thoutrb  it  has  bc?en  de- 
preisuru  On  tha  nlcd  by  soTHc  physiologisfs,  follows  from  ordinary  jvhysica! 
priuciplca.  jVnd  since  the  q^uantity  of  blood  present  at  any 
moment  in  the  organ  varies  with  the  contemporaneous  functional  activ- 
ity, being  greater  as  tliat  activity  ia  greater,  the  cerebfo-apinal  fluid  also 
varies  m  amount.  Through  this  iluid  an  equality  of  pressure  is  there- 
fore insured,  no  matter  wliat  may  be  the  quantity  of  blood  in  the  brain. 

The  ccrebro-spinal  fluid,  the  quitntity  of  which  has  been  estimated  at 
Cflmiiro^piiwJ  two  DUUces,  13  readUy  absorlied  and  as  readily  reproduced. 
*''"''■  The  act  of  adjustment  between  it  and  the  blood  requiring  a 

certain  period  for  its  complctiont  the  brain  can  not  instantaneously  be 
brought  to  its  maximum  atTlion.  Thus,  A3  all  persons  obseTve>  when  we 
andcrtakc  any  unusual  intellectual  duty,  there  is  a  certain  prepEiratoiy 
period  to  be  passed  througli,  as  the  common  expression  is,  "  for  compos* 
ing  the  thoughts." 

Preasiirc  upon  the  brain,  either  applied  mGchanically  or  tlu"ough  acci- 
Kflocioriae-  dental  effuaiona,  produces  at  once  functional  inactivity,  prob- 
chatiiral  piTi-  aijjy  \yy  interference  with  the  due  circulation  of  tlio  blood ; 
"flanges  in  the  and,  in  like  manner,  any  marked  change  in  the  chemical  re- 
iiinod.  lationa  of  that  fluid  exerts  on  the  brain  a  corres]>onding  ef- 

fect. Tims,  when  oxygen  gas  is  breathed,  or,  still  better,  protoxide  of 
nitrogen,  which  is  more  soluble  in,  the  blood*  the  processes  of  intellection 
go  on  in  an  exaggerated  way,  and  ideas  in  rapid  succession,  and  in  unu- 
sual forms  of  combination,  flit  through  the  nnnd ;  but,  &b  the  consequence 
of  this,  since  the  lungs  can  not  remove  with  the  nccesaary  promptness 
the  carbonic  acid  which  is  arising,  the  narcotic  effects  of  that  body  are 
soon  exp4?j'ieuced :  and  lliis  is  also  tJic  case  in  alcoholic  intoxication,  in 
the  advanced  stages  of  which  the  accumulation  of  carbonic  add  iii  the 
bloofl  gives  rise  to  the  same  result. 

That  difl^erent  regions  of  tlie  brain  have  independent  though  mutually 
Enciiofsiio  commiasured  faculties,  ia  fully  established  by  the  phenoniena 
tLoh  of  ifae  "  "'"  *-'*^  uervea  of  sense,  nor  can  there  be  any  doubt  that  these 
brain.  differences  of  physiological  function  are  dii"ectly  dependent  on 

differences  of  anatomical  structure.  It  ig,  indeed,  to  structnral  differences 
that  we  should  impute  the  greater  or  less  ^eiency  of  the  whole  or^n, 
ns  mvtch  as  to  di^erences  of  its  weight.     Because  of  a  higher  elaboratioD, 
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the  brain  of  one  person  may  be  more  energetic  tlian  that  of  another,  even 
though  itH  weiglit  may  l:e  less.  It  is  not  to  lie  denied,  howeverj  tliat  there 
is  aconncclion  between  mental  power  and  tlie  qiiaiitily  of  cerebral  matter, 
wliftn  individuals  of  the  same  kind  are  compared,  or  that  in  the  animal 
seriea  the  psychical  powers  decline  as  the  cerebrum  diioinishes  in  stzo. 

Few  topics  are  more  worthy  of  the  attonlion  of  tiie  physiologist  than 
that  of  the  variable  psychical  powers  of  man,  and  yet  few  have  ,        .  , , 
been  more  overlooked.     By  variable  psycliical  powers  I  mean  psjchied 
those  periodicities  of  increnae  and  diminution  in  our  intellect-   P'^*""- 
ual  efticicncy,  which  may  be  notiired  not  only  in  disenaed,  but  alao  ui 
healtliy  Btatea*     On  the  principles  we  have  presented,  theso  find  their 
esplftnation  in  the  temporary  physical  slates  of  the  organ,  such  &s  its 
condition  of  repair,  lis  existing  facility  for  oxidation,  and  the  constitution 
of  tlic  blood  aa  respects  a  proper  arterial Jzal ion. 

The  most  striking  structural  clianicteristic  of  tlie  nervous  system  ia  its 
sj-mmetrical  doublcnesa,  the  cranial  and  spinal  nerves  com-  Symmetric*! 
ing  forth  by  pairs  to  theu-  diatiibution  on  the  right  and  lel't  |]""^!'^''"*" '^ 
sides  of  tlie  body.  Tlie  manner  of  development  from  the  tem. 
spinal  axis  laterally  implies  anch  a  construction,  and,  indeed,  gives  ori- 
gin to  two  halvca  bo  e'|ual  and  alike  that  it  has  often  been  said  caciv 
person  consists  of  two  separate  individuals.  Examining  thoae  OTgans 
which,  by  reason  of  tlie  elaborateness  of  llieir  mechanism  and  principles 
of  action,  enable  ns  to  determine  with  satisfactory  precision   r     .•      t 

•'I  I'linction  of 

the  function  discharged  by  each  one  of  the  members  of  the  tii<-ii  lateral 
pair,  as  in  the  case  of  the  eye  or  the  ear,  we  may  come  to  tlie  **''^*°- 
following  conclusions :  Eacli  ia  a  distinct  organ  in  iti^elf,  capable  of  Its 
meeting  tlio  requirements  of  the  economy  in  a  Bufliciently  satisfactory 
manner,  and  therefore  forms  a  distinct  whole;  but  the  pair  can  likewise 
act  siniultaneouslv,  re-^nforcintr,  to  a  certain  decree,  each  oth- 

•  .-111  -  1  1  Conjoindv 

er  s  power,  though  in  tins  double  action  there  by  no  means  doubti?  oTcmt 
arises  a  double  intensity  of  effect.     The  closure  of  one  ear  •'^;^;;'  '1°;^^^ 
to  a  sound  does  not  diminish  the  loudness  by  one  half,  nor  treatw  Ltidr 
does  the  shutting  of  one  eye  reduce  to  one  half  the  bright-  f"'^*"- 
ness  of  a  light ;  but,  thougli  there  is  not  such  a  doubling  of  effect  when 
botii  eyes  or  both  cars  are  employed,  there  is  a  degree  of  precision  in  the 
resulting  indication  which  ia  not  to  be  gained  by  the  use  of  one  of  these 
Organs  alone.     In  auch  a  double  organ,  then,  the  result  is  not  so  much 
a  heightening  of  the  final  impressioti  as  the  giving  to  it  of  a  greateir  d&-i 
gree  of  precision. 

Moreover,  each  organ  seems  to  csert  a  compensating  influence  over  its 
fellow  in  any  deficiencies  or  imperfections  it  may  possess.  CompenKBtion 
Thus  it  is  rare  that  both  eyes  are  of  an  equal  optical  good-  '''"'^'■^'"^"' 
ness,  as  most  individuals  will  find  on  making  a  personal  examination; 
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Tmt  in  vision  with  both  eyes  the  faults  of  the  more  imperfect  one  axe 
mergeJ  in  the  indicationa  of  the  better^  and  the  same  might  he  remark- 
ed of  the  CiiY;  from  whidi  it  would  apptar  timt  this  doublcnesa  of  or- 
gan? is  rather  for  the  purpose  of  introducing  a  principle  of  compensation 
than  oncj  of  conspirijig  action,  the  ohjecl  intended  to  be  gained  heing  4 
justness  of  perception  rather  than  an  increase  ot'  effect- 

Thcac  observations  apply  to  double  organs  in  their  normal  states,  or, 
EiTea  oriom-  if  not  their  norma],  their  hahituol  ones ;  but  if  to  Ihe  eye, 
poraryaiBturb-  f^^  example,  a  temporary  disturbance  ia  eriven,  as  by  preas- 

an™  or  DUO  01-.  ,  .    T  i  •  •       ,  -         ,  i-  .       ,■  .1 

gan.  ure  which  renders  ils  optical  axis  oolirjue,  the  leuow  organ 

being-  permitted  lo  retain  ita  us.ual  poaition,  double  sight  is  the  reanlt. 
It  is  true  tlmt,  in  tlie  habltUJil  divergence  of  strabismus,  such  is  not  the 
effect,  one  of  the  iniiiiges  disappcnring,  orpcrliapa  the  mind,  accommodat- 
ing it&elf  to  the  habitual  condition,  combines  the  two  into  one.  These 
circnmatances  indicate  that  each  member  of  a  double  organ  can,  under 
conditions  oi'  disturbance,  exercise  an  independent  ami  even  opposing  ac- 
tion to  its  fellow. 

It  has  by  some  been  supposed  that  the  mind  pays  attention  to  the  im- 
ThoinJicftifoni  pressions  of  only  one  of  the  pair  of  organs  at  a  time ;  thus, 
conuiiiTiktBii  *'*^*  ^^  ^^^  ^^^  images  furnished  by  OJiiy  one  eye,  though  we 
At  a  timo.  can  with  very  great  quickness  direct  attention  to  those  fur- 
nished by  tile  other,  and  therefore,  deceived  by  the  rapidity  witli  wliich 
this  alternation  of  attention  can  be  accomplished,  our  behef  In  the  syn- 
chronous use  of  both  organs  is  an  error.  If  two  diilerently  colored  ob- 
jects, such  as  dift'erently  tinted  wafers,  be  so  placed  as  to  be  separately 
and  yet  eimultancously  viewed  by  both  eyes,  the  mind  vainly  attempts 
to  combine  the  two  images  together.  We  do  not  sec  the  resulting  form 
of  a  green  tint,  but  we  see,  according  as  our  attention  is  given  to  the 
right  or  left,  a  blue  or  a  yellow,  if  tbeae  have  been  tbc  colors  of  the  wa- 
fers, and  these  colors  can  quickly  merge  into  one  another,  like  dissolving 
IlloMrMivfl  views.  There  ia  a  simple  experiment  which  scn'es  to  support 
osperimeni.  tliig  view,  and  which  any  one  may  readily  make.  If  (he  oiien 
hand  be  placed  along  the  nose,  so  as  to  divide  the  right  eye  from  the  left, 
and  we  look  u{ion  the  surface  of  a  uniformly-illuminated  sheet  of  paper 
covered  with  writing,  it  will  be  found  that  we  can  only  read  with  one 
eye  at  a  time,  but  that  the  mind  can  with  great  rapidity  determine  which 
eye  it  ■will  uae.  In  this  little  experiment,  we  have,  moreover,  the  means 
of  estimating  the  relative  sensitiveness  of  the  two  eyes,  and  other  of  their 
optical  peculiarities ;  thus  it  will  be  commonly  remarked  that,  though  the 
paper  be,  as  we  have  said,  uniformly  illuminated,  that  part  of  it  which  is 
regarded  by  one  eye  is  brigiiler  than  that  seen  by  the  other,  this  being 
due  to  a  difference  in  their  sensibility.  It  will  also  frequently  occur 
that  the  two  portions  of  the  page  will  present  diflcrent  shades  of  tint. 
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the  one,  perhaps,  being  a  taint  greenisli  gr;ij-,  while  llie  olhei"  is  of  a  yel- 
lowish white,  the  proper  color  given  to  it  by  the  candle  or  lamp  by  wliicli 
it  is  £ecn. 

In  this  feature  of  double  construction  the  brain,  itself  participates,  pre- 
senting a  right  and  left  Jialf  approaching  one  another  in  form,  williout 
being  absolutely  identical.  Much,  therefore,  of  wlmt  has  licen  said  re- 
specting the  mutual  rcUtiona  of  the  right  and  left  eye,  nnd  the  right  and 
left  ear,  must  apply  to  the  right  and  left  hemispheres  of  the  brain;  and 
it  ia  under  thia  point  of  view  that  Dr.  Wiiiati  has  reearded  it  in  ,  , 
his  work  on  the  Duality  ot  the  Mmd.  Nor  can  tliore  be  nny  noibnifeML 
doubt  (hnt  each  hemi^^phcre  is  a  distinct  organ,  having  the  ''='"**P''*™- 
power  of  carrying  on  its  functions  independently  of  its  fellow;  that,  though 
each  can  thus  act  separately,  both  can  act  simultaneously;  and.  judg- 
ing from  the  cases  that  have  just  been  presented,  it  would  seem  that  we 
arc  justiticd  in  inferring  that  the  common  action  of  the  two  hcmispherea 
is  not  for  tlie  purpose  of  a  heightening  of  effect,  but  only  for  grentcr  pre- 
cision, and  that  in  tlic  same  manner  as  it  is  a  rare  tiling  to  find  two  eyes 
or  two  ears  of  eqnal  goodneas,  so  also  it  la  unusual  to  have  two  hemi- 
spheres which  are  precisely  alike.  The  defects  of  the  one  may  inguij^rdi^a, 
be  compensated  by  the  superiorities  of  the  other,  and  thus  lion  of  one 
a  mean  result  be  attuned;  and  as  one  eye  or  one  ear  can,  *""*'''  '^^ 
under  the  pro]KT  circumstances,  overjiowcr  ita  fellow,  so  likewise  can  one 
hemisphere  of  the  brain,  except  in  certain  cases,  wliich  have  been  some- 
what imaginatively  described  as  insubordination  of  one  of  the  hemi- 
spheres, when  insanity  is  the  result,  the  healthy  half  being  unable  to 
control  the  diseased  one ;  and  for  this  reason,  wc  often  observe  of  the 
insane  that  they  have  synchronously,  or,  at  all  events,  in  a  very  rapid  al- 
ternation, two  distinct  trains  of  thought,  and,  consequently,  DouMp  train  of 
two  distinct  utterances,  each  of  wliieh  may,  60  to  Rpeak,  be  ""'^sl'^ 
perfectly  continuous  and  even  snne  by  itaclf,  but  the  incongniities  that 
arise  from  the  mingling  of  the  two  betray  tlic  condition  of  such  persona. 
In  this  case  doublencss  of  action  ia  seen  in  ita  most  exaggerated  aspect, 
but  in  a  less  degree,  it  may  be  remarked,  in  the  thinking  operations  of 
thoise  whose  niindB  are  perfectly  sound.  Thus  there  ia  no  student  but 
must  have  observed,  when  busily  engaged  in  reading,  that  his  mind  wjll 
wander  off  to  other  things,  though  he  may  mechanically  cast  hig  eyes 
over  page  after  page ;  and  the  same  may  occur  in  listening  to  a  lecture 
or  sermon.  But,  though  the  insane  man  may  indulge  in  two  synchro- 
noua  trains  of  thought,  he  never  indulges  in  three,  for  the  simple  reason 
that  he  haa  not  three  hemispheres  to  do  it  with,  the  same  remark  apply- 
ing to  the  Banc  man  in  the  accidental  wanderings  of  his  thouglits. 

The  overcoming  of  this  insubordination  of  one  of  the  hemispheres  may, 
to  a  veiy  considerable  degree,  be  aocomplLshed  by  education,  of  wliich 
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Ewn-t  *f  c4tt-  one  of  the  chief  results  is  that  it  exercises  us  in  the  habit  of 
cfcLion.  tliiiiking  of  one  thing  at  a  time,  of  tii inking  tlierefore  with- 

out confusion,  and  of  arriving  at  conclusions  with  precision  and  decision. 
And  iiic!3e  consi<3eration3  should  also,  in  Dr.Wigan's  view,  be  our  chief 
guide  in  the  cure  of  insJitiity,  doing  all  In  our  power  to  invigorate  the  ac- 
tion of  the  liealtliy  lienii^phere,  and  enable  it  to  subdue  the  insuljordina- 
tion  of  tlie  diseased  one.  It'  both  hemispheres  are  dijseosed,  the  case  is 
almost  iiopeless. 

Of  the  independent  and  yet  complete  action  of  each  of  the  cerebral  hem- 
„  ,  .  isplierea  we  have  abundant  and  inlercHtinir  proof.  Mental 
of  a  »iii^;ie  Operations  can  be  earned  on  in  a  proioundly  diseased  elate  of 
hmiisiiliijK.  p^^  ^f  these  organ3,  as  mullitudea  of  well-authenticated  cases 
attest — nay,  even  wiieu  the  lesion  has  gone  so  far  as  to  atnoutit  to  an 
absolute  ami  entire  disorganization  of  one  of  the  hemispheres.  Similar 
evidence  is  also  fiinjislied  by  lliose  inteiesting  cases  in  wliiuh,  by  accident^ 
as  by  gunshot  wound,  dcBtraction  of  one  Bide  has  occurred^ 

Even  in  a  state  of  health  we  have  numeroua  examples  of  this  inde- 
.    ,       pendent  action  of  each  hemisphere.     Wliile  cneaccd  in  ordi- 

■[LtermixQil  ac-    r  ...  . 

tioiL  cifithi' 1*0  nary  pursuits  whicli  imply  a  continued  mental  occupation^ 
li^iMisjilewii,  ^^  ^^  Occasionally  troubled  with  suggestions  of  a  ditferent 
kind,  A  strain  of  music,  or  even  a  few  notes,  tnay  be  perpetually  ol> 
trurling.  and  .such  an  occurrence  wo  conld  scarcely  explain  save  upon  tlio 
principle  of  the  s-eparatc  action  of  tficsc  organs,  tlie  one  intertering  with 
the  other.  That  precision  which  we  have  remarked  as  arising  from  the 
conjoint  use  of  two  eyes  and  two  ears  is  doubtlesa  also  attained  where 
the  two  hemispheres  are  acting  in  unison.  We  can,  moreover,  voluntas 
jily  permit  one  to  rest  while  tlie  other  coistinues  its  duty,  a8  we  can  toI- 
untarily  make  use  of  one  eye,  disregarding  the  Jndic-ations  of  the  other: 
but  where  it  is  necessary  to  execute  a  critical  comparison  or  arrive  at  an 
accurate  judgment  of  things,  both  hemi&phercs  are  brought  into  action, 
as  are  both  eyes  when  we  intently  consider  an  object, 

Among  other  phenomena,  Dr.  Wigan  calls  attention  to  tlie  operation 
Cutlfl-  of  castle-building,  as  it  is  designated,  as  illustrating  the  volunta- 
bniMinf^.  py  manner  in  wfiieh  we  permit  one  hemisphere  to  act,  pre-tenting 
fancifiil  delusions ;  the  othcr»  as  it  were,  watdiing  witli  satisfaction  the 
operation,  and  in  this  respect  lending  itself  to  it.  Not  that  for  a  moment 
we  Buppose  there  is  any  tnilli  in  the  ideas  suggested,  and  in  this  the 
phenomenon  ditl'erH  essentially  from  that  of  dreaming,  in  w!iicii  it  never 
occur-s  to  us  that  the  scenes  and  actions  are  un&ubstaiitial. 

Still  more  .'Strikingly  do  those  singular  cases,  which  from  time  to  timsi 
Douhie  0  ft]    present  themselvcB  to  the  phyaician,  of  double  or  alternate 
tematn  con-    consciousness,  illuatrate  this  isolated  function  of  the  henii- 
L.»eiou»oi'«».      gpjieres.     In  some  of  these,  which  ha^'^  been  carefidly  ob- 
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aerved  and  authentically  recorded,  eacb  of  these  portions  of  the  brain  lias 
continued  its  action  tor  a  period  oi"  days,  or  even  weeks,  and  llien,  relaps- 
ing into  a  quiescent  Btate,  1ms  been  succeeded  by  llic  orlier,  liius  present- 
ing in  sorne  degree  an  analogy  of  what  ia  observed  in  ordinary  cases  ot' 
msaiiity,  so  far  as  the  reciprocating  action  of  the  two  organs  ig  concerned, 
but  difl'ering  in  the  period  of  duration  of  their  function  ;  and  tlms,  if  one 
of  tbem  sliouid  have  undergone  deterloialion,  or  liave  sutlered  lesion,  bo 
that  it  has  been  reduced  to  what  might  be  termed  an  infantile  state,  the 
inipreflsions  formerly  stored  up  in  it  having  been  for  the  most  part  loat^ 
or  there  being  an  incapacity  in  it  to  make  use  of  them,  the  piitieiit  will 
alternately  exhibit  what  has  been  aptly  termed  child  life  and  mature  life. 
l'"or  a  tew  days,  or  perhaps  weeks,  he  will  conduct  himself  in  the  ordi- 
nary manner  of  an  adult,  reading,  reasoning,  and  acting,  and  then,  for  a 
Biniiiar  period,  wilt  pass  into  a  condillon  in  which  he  does  not  even  know 
his  letters,  and  reasons  and  acts  liite  a  child.  These  phenomena  of  al- 
terjiate  and  double  intellection  are  interesting  in  the  Iiighest  degree,  and 
Heem  to  be  explicable  on  no  other  principle  than  that  which  this  autlior 
suggests. 

But  I  do  not  think  that  the  explanation  which  he  offcra.  of  the  senti- 
ment of  pre-existcnce  is  correct.  By  this  term  is  under-  sentiment  of 
stood  that  strange  impression,  which  all  persons  have  occa-  p^^x^wicnce. 
&ionally  observed  in  the  course  of  their  lives,  tliat  some  incident  or  scene 
at  the  moment  occurring  to  Ihem,  it  may  be  of  quite  a  trivial  nature, 
has  been  witnessed  by  them  once  before,  and  is  in  an  instant  recognized^ 
Thougli  this  opinion  that  we  have  seen  a  present  incident  once  before 
sometimes  occurs  in  cases  where  the  circuniBtancea  are  of  profound  in- 
terest to  us,  the  experience  of  moat  persons  aasures  ns  that  it  is  more  fre- 
quently in  trivial  events.  Dr.  Wigan'a  view  is,  that  it  arises  from  the 
abnost  contemporaneous  action  of  the  two  hemispberes,  and  thai,  under 
the  cjrcumslancea,  we  have  a  confusion  of  memory,  and  are  led  to  be- 
lieve that  there  has  been  an  inter\'al  of  indefinite  duration,  when,  in 
point  of  fact,  it  was  an  impression  in  each  hemisphere  closely  coincident 
in  point  of  time.  This  explanation  tums  on  the  aaaumption  that  this 
sentiment  of  prc-existence  occurs  but  once.  Uc  denies  that  we  ever 
suppose  that  we  have  seen  the  thing  twice  before,  But  I  believe  that 
the  experience  of  many  individuals  assures  them  that  this  la  not  tlie  case, 
and  that  they  are  under  a  tirm  persuasion  that  tliey  have  witnessed  the 
same  incidents  more  than  once  before,  nay,  perhaps  even  many  times. 
The  instance  which  tliis  author  furnishes  as  occurring  to  himself,  in 
which,  on  the  occasion  of  attending  the  funeral  of  an  exalted  personage, 
and  at  the  time  of  tlie  coffin  being  deposited  in  the  vault,  with  the  strik- 
ing solemnities  of  the  occasion  there  rushed  upon  hia  mind  the  idea  that 
he  had  been  present  at  tliis  same  scene  once  before  a  thing  which  was, 
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of  course,  an  impossibility,  is  very  inatructivB.     But  the  difficullv"  in  the 

way  of  his  hypoiheaia  lies  in  the  tact  that  it  offers  ua  no  e3plaimiion  of 
those  cases  in  which  we  are  perfectly  persnadetl  that  we  have  witnessed 
the  tiling  mora  than  once  before,  though  it  may  answer  in  the  particular 
,       .  instance  here  cited.     Perhaps  we  may  appropriately  recall  the 

pBrLcption  tif   TToU-known  t'act  offctej  to  US  Ifi  droaming,  and  to  which  at- 
""""  tention  hereafter  will  be  more  particularly  directed,  tUut  there 

are  circumstances  under  which  our  mental  operations  are  carried  forward 
with  tlie  most  niarvelons  spcccl.  Thua  a  sudden  sound,  wliich  awakes 
us,  or  even  a  flash  of  lightning,  which  is  over  in  a  moment,  may  be  in- 
corporated or  expanded  into  a  long  dream,  diversified  with  a  variona 
niuhiludc  of  incidents,  all  ap[Tcaring  to  follow  one  another  in  an  appro- 
prialc  order,  and  occupying,  as  wc  judge,  quite  a  long  time,  yet  all  nec- 
essarily arising  in  an  instantaneous  manner,  for  wc  awake  at  the  moment 
of  the  disturbance.  Of  the  SAine  kind  is  that  remarkable  deceplion. 
whicJi  is  authentically  related  by  those  who  have  recovered  from  death 
by  drowning,  that  in  the  last  moment  of  their  agony  all  the  various' 
events  of  their  past  life,  even  those  of  a  trivial  kind,  have  come  mshing 
before  them  with  miraculous  clearnesH.  Mental  operations,  therefore, 
both  as  regards  old  recolJectiona  and  new  suggestions,  may  take  effect 
with  wonderful  rapidity,  and  if  the  sentiment  of  prc-existence  is  to  be 
explained  on  tlie  principle  of  the  double  action  of  the  brain,  it  must  like- 
wise bo  dependent  upon  the  fact  here  presented. 
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CHAPTER  XVII 
OF  THE  chaniai  neeves  and  the  gieeat  stmpatbetic. 

EtHtmavtion  pflie  Cranial Nerrv^.—Thi  T^ird  Pair,  or  Ot^uh-moror.^T^^  fourlh  Pair,  Of  Fo^ 

fAetJci. —  ZS*  Vif^h  Puir,  or  Trii/amiii, —  The  Siitli  J 'air,  or  ^l/w/iiri'jiffi, — /J/utrriiliiiiiii  aft/it 
Tliird,  Pjiiirffi,  FiJ'il',  imd  Sii:lh  Pairs. —  llie  Stvenih  Pair,  or  Fiidal. — IlUuttration  of  ike 
Fiiria/. —  TTiK  NinlhPtar,or  (ikum-p/iari/nrftaL — Tllaslratiau  o/tht  (HuxiBi-pfuiripjiferif. —  T^te 
Trtilh  Puir,  or  pHMHuoffiintrir. — Illuslratioa  of  the  PnnimOifastrir. — lUoKlratiiiH  nf  ifir  fjiiyn' 
gcals.  —  Tlir  EkvGitli  Pair,  of  Spinal  AiXli3aft/.—  Tht  Tureif'Ui  I'aif,  or  ll^jio/f/usiiii. — II- 
hutfrotUia  nf  tfic  Ilffjuyloiaat. 

The  IVuVnic  Nrrre, 

<lf  tht  Gttat  SffHiftnOiftif  Sffttem. — JVwi'h'ftn,  Sirwiiirf,  and  Ori^n  of  tht  Si/mpattirtir~ — 7rt  /b- 
Jaitan  triih  the  I'^euinajjantrir. — Iix  Carmfvlian  wit/i  tht  Sfiintif  S^sd-'n. — /tx  I'iexvata. — lis 
{roagfiii. —  TTitif  are  lit^ermirti  n/ forct. — Sinnruarii  of  the  Fiaeli/taa  of  t/itr  Ssi'ijinfhrlie, — 
Ilf'Mrafinii  of  the  S</"ifatfifl-k,—The  Abiioanaal  J-'icxtnet. —  Tfie  &Aw  Pkjnu. —  Tht  Mam- 
ftiric  Pknues. 

There  are  twelve  paira  of  cranial  iiervea  r  Ist.  The  olfactory;  2d.  The 
Optic  i  iJd.  The  ociilo-motor ;  4t3i.  The  pathelic;  5th.  The  tri-  Tho  crBniui 
facial;  Gth.  The  abJucent ;  TiU.  The  facial;  Stli.  The  audito-  '"'"•''- 
rj;  9th.  The  glossopharyngeal ;  lOtli.  The  pneumogastric;  Uth.  The 
spinal  accessory  ;    12th.  The  hypoglossal. 

Of  these,  the  first,  the  second,  and  the  eighth,  "being  nerves  of  special 
aensation,  may  be  more  convciiientty  studied  in  connection  with  the  or- 
gans of  special  sense — the  nose,  the  eye,  the  ear. 


00'  THE  TatKD  FAJB,  OB.  OCEJLO-UOTaR  REBVSa. 

The  motor-oculi  nerve  arises  from  the  inner  side  of  the  cms  cerelai, 
near  to  the  pons  varolii,  some  of  its  fibres  passing  into  ihc  Th0ihirdp»ir, 
gray  substance  of  the  eras.  Advancing  forward,  it  divides  orflculo-Bquir. 
into  two  Lranchea,  one  of  which  supplies  the  superior  rectus  and  levator 
palpehra.',  the  other  the  internal  rectus,  inferior  rectus,  and  inferior  ob- 
lique. Considering  the  place  of  origin,  it  would  ho  expected  tiiat  this 
nen'C  is  wholly  motor,  and  this  is  confirmed  by  expeiinient*  "When  the 
nerve  is  irritated  the  musdea  wliich  it  supplies  are  convulsed,  and  when 
it  13  divided  they  are  paralyzed.  Through  its  connection  with  the  len- 
ticular ganglion,  it  furnishes  motor  filaments  to  the  iris.  The  optic 
nerve,  the  corjiora  quadrlgcmina,  and  this  nerve  togi;;iicr  constitute  a 
complete  nervous  arc,  and  impressions  made  on  the  retina  occasion  mo- 
tions in  the  iris. 
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THE   FOURTH,   FIFTH,  AND    SIXTH    I'AIJB. 


OF  THH   TOnRTH  PAIR,  PiTUBTlCI,  OB  IBOCKLBAH  trBBTES. 

This  nerve  arises  from  the  valve  of  Vieugscns,  near  the  testis,  ud, 

Thcronrihpjvir.  Jiassing  around  the  cms  cerebri,  enters  the  orbit,  and  is  dU- 
orpniheijL-i.  tribulcci  to  tlic  Orbital  surface  of  the  superior  obliiijue,  or 
trochlear  muscle,  tor  wliich  it  is  the  motor  nerve.  When  it  is  irritated 
that  inuscle  is  convxilsed. 

OF  THK  ftrm  rijftf  TfiiFACUi.,  OB  TaioKMiKi. 

The  fifth  nerve  haa  a  construction  ao  closely  analogous  to  that  of  the 
The  riftii  pair,  spinal  nerves,  that  it  has  been  designated  the  spinal  nerve  of 
or  ij-ij;nuini.  ti,g  licafj.  It  arises  by  two  roots,  the  anterior  of  wiiich  is 
the  sttialler,  the  posterior  having  a  large  ganglion,  the  ganglion  oi'Gaa- 
ser;  with  tliis  ganglion  the  anterior  root  is  in  contact,  but  not  in  con- 
nection: it  passes  forward  to  the  inferior  maxillary  nerve.  From  the 
ganglion  three  branches  diverge,  the  ophthalmic,  the  superior  maxillary, 
and  inferior  inaxillavy,  the  first  proceeding  from  the  upper  angle  of  the 
ganglion,  the  isccond  from  the  middle,  the  third  from  the  inferior  angle. 
This  last  receives  the  motor  portion  of  the  nerve  j  the  first  and  second 
branches  arc  sensory,  the  tliird  is  sensory  and  motor  also.  I'Vom  the 
sen.'iory  portions  the  anterior  and  most  of  the  anlcro-lateral  portions  of 
the  head  are  furnished,  as  also  the  organs  of  special  sense  theniiselves,  so 
far  as  their  common  sensation  ia  concerned.  The  motor  branch  supplies 
the  muscles  of  mastication. 

Otr  TQS  flmm  TUR,  OB  jLBDCCEJITES. 

Thij  nerve  arise*  by  several  fihuncnts  from  tlie  upper  part  of  the  cot^ 
rheiixtlip»if,  p^s  pyramiJalc,  near  to  the  pons  varolii,  and  is  distributed 
or  ■bducenw*.  ^^  j],^  external  rectua.  From  its  origin,  distribution,  and 
from  expcrimiaita  made  upon  it,  it  is  known  to  he  a  motor  ucri'c. 


fLLcmtArrovt  or  thb  nmu>,  FointTn,  Pirra.  ixd  sixth  rj.ms  or  beeves. 


rfft.M. 


%. 


Fhj^  161:  1,  chiasm  of  optic  nenes;  2, 
third  pair  ;  3+  nasal  nen'C ;  4,  external  ocnlo- 
motor;  5,  ganglion  ofGasaer;  G,  nasal  nerve 
and  its  two  branches,  internal  and  e^itcmal ; 
7,  nerve  of  obUquus  inferior ;  8,  ophthalmic 
ganglion ;  9,  ciliary  nerves ;  a,  portion  of  le- 
vator palpebrae  superioris  and  rectus  superi- 
or; i,  rectus  internu3 ;  a,  rectus  extern  iia;  d^ 
fibrous  ring  of  the  recti  muscles. 


K«rTMa/lbBart>lk 


NKBVES   IS  TICK  OBBITAI.  CArtTT. 

Fig.  162 :  1, 1,  optic  nerve  and  globe  of  the 
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Fig.  HI 


Oye;  2,tliircl  nerve;  3,  superior  branclt^ 
4.  nerve  ol'obliquua  inferior;  5,  exteniai 

ocultJ-motor;  (i,  giinglion  ot'Gasaer;  7, 
opiithuiriiic  brancli ;  Hj  nasal  nerve ;  (), 
ophtlialmic  ^nglion;  10,  short  root  of 
ophtlialmic  ganglion;  ll.ciltairy  riervesi 
12,  from al  nerve;  fl,  levator  jMiJiMjbnu 
superioris  anO  rectus  superior ;  i\  rectus 
iiiferior;  f,  oliliquus  inferior;  d,  rectua 
cxternua  ;  e,  ring  of  the  recti  muscles. 


DIAORAH   OP   THK   FUTH   yBBV£, 


/7^,  1()3:  l,gangKonofGii9.ser ; 
2,  oplitl mimic  ganglion  :  3,  its  long 
root  liimiaiied  by  tbo  nii.sal  branch; 
4,  ahort  root ;  5,  sympathetic,  from 
the  plexus  fiurroEnding  ilic  inter- 
nal carotid;  (J,  ciliary  nerves  trav- 
ersing the  sclerotic ;  7,  ciliary  gan- 
glion i  8,  giinglion  of  Bleckel ;  9, 
its  sensory  roots  from  the  superior 
maxillary ;  10,  petrous  branch  of 
vidiiin  nerve,  or  motor  root  of  the 
ganglion  of  Meckel;  11,  its  sym- 
pathetic root;  12,  naso-palaline 
ganglion,  receiving  at  its  upper  an- 
gle tho  naso-palatine  nerve,  and  at  its  inferior  the  anterior  palatine;  13» 
otic  ganglion  :  14,  small  superhciul  petrosal;  15, submaxillary  ganglion! 
16,  sublingual  ganglion ;  1 7,  genieulated  ganglion ;  18,  cavernous  ganglion. 


tlla|T>ni  of  Iha  Itnh  dfi-if. 


QAJ!OLtO»   OF  flABSCB  AND  >J)JAi;E>T   PARTi. 

Fi3.i6i.  /^/y.  164:    I.  ganglion   of  Gas- 

scr;  2,  opbthalmie  nerve;  3,  front- 
al branch  ;  4,  lachrymal ;  5,  naaal ; 
6,  opthalmic  ganglion;  7,  superior 
maxillary  nerve;  H,  orbital  branch; 
S,  gaiiiglion  of  Meckel;  10,  petrosal 
bmneh  of  vidian  nerve;  11,  palatine 
nerves;  12,  anastomoi^id  of  the  gan- 
glion of  Meckel  with  the  nervous 
plexus  surrounding  the  internal  max- 
illary artery ;  13,  posterior  and  au- 
pwior  dental  nerves :  14,  suborbital  nerve,  its  ariastomoses  ^vith  facial 
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and  nasal;  15,  inferior  maxillary,  receiving  the  motor  portion  of  the  fiftli 
pair;  l(j,  superHcial  aiiricultv-tcmpDral  nerve  ;  17,  buccal  neire;  18,  sec- 
tion of  other  collateral  branches  of  inferior  maxillaiy  :  1!),  inferior  den- 
tal; 20,  mental  iiervt^;  21,  lingual;  22,  chorda  tympani ;  23,  facial 
nerve;  A, external  carotid  artery;  B,  facial  artery ;  C,  temporal  ftttery; 
D,  internal  maxillary ;  E,  ila  dental  branch  ;  F,  middle  meninf^eal ;  a, 
membrana  tympani;  i,  glenoid  cavity;  c,  orbicularis  oris;  rf,  buccina- 
tor; e,  ptetygoideus  internus;  f,  pterygoideus  externua;  y,  digastric; 
A,  sterno-clcido-raaBtoid  muscle. 


THE   FIFTH   KEHTE,  THE  CAK0t.tOll  OF  CASBBS  &EB<0   R£WOVT;n. 

Ffl. IBB.  J^iffAGS:   1,  ophthalmic,  cut;   2, 

superior  maxillary,  cut  at  both  ex- 
tremities ;  3,  ganglion  of  Jleekcl ;  4, 
petrosal  and  carotid  branch  of  vidian 
ner^'e;  5,  abducent;  6,  nerve  of  Ja- 
coL^on  J  7,  superior  and  posterior 
dental  nprvea  ;  8,  anterior  and  supe- 
rior dental  nen-e;  iJ,  otic  ganglion; 
10,gustatory  nerve;  11,  chorda  tym- 
patii ;  12,  submnjtillaty  ganglion  ; 
13,  anastomosis  of  lingual  witli  hy- 
poglossal; 14,  sublingual  plexus;  15,  terminal  branches  of  gustatory  or 
lingual  nerve  ;  16,  inferior  dental;  17,  mylo-hyoid branch;  IS,  mental; 
1 9*  incisive  nerve ;  20,  ganglion  of  glosso-pharyngeal ;  21,  facial,  in  the 
aqueduct  of  Fallopius ;  22 ^  hypoglossal ;  o,  superior  maxillary  bone;  i, 
Cflrtilagea  of  the  nose;  c,  internal  wall  of  tymfmnic  cavity;  il,  ptery- 
goideus internus  muscle;  c^  liuccinator,  cut;  y,  mylo-hyoid  nni9cle ;  ^, 
part  of  anterior  belly  of  digastric ;  A,  stcrno-cleido-inastold,  turned  aside. 


tliQ  &ti.h  ultv'c, 


lY.I.  IM  __  ILLpSTRATIOM  OF  TJCE  TEEltnfAI.   BUAKCHKB   OV  TUB 

IKFEItlOK    MAXlLIiAltr    h~EKVE. 

J^(/.  166 :  I,  motor  and  sensory  roota 
of  ganglion  of  Gasscr ;  2»  junction  of  mo- 
tor root  with  inferior  maxillary;  '^,  auricn- 
lo- temporal  nerve;  5,  buccal  nerve;  6, 
ptcrj'goid  nen'cs ;  7,  ■cut  branchea  of  tem- 
poral and  masseteric  nerves;  8,  gustatory 
nerve:  9,  chorda  tympani;  10,  facial;  11, 
anastomosis  of  gustatory  and  inferior  den- 

^ tal  nerves;  12,  tonsillar  branch  ;  13,  sub- 

TiieinfyrtormaiiuiuT.  luaxillary  gsuglion ;   14,  sublingual  plex- 

us; 15,  anastomosis  of  gustatory  and  hyiiogloesal  nen-es;  lU,  branch? 
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of  gustatory ;  17,  inferior  dental;  IS,  mylo-hyoid  nerve;  19,  mcieivii 
branch  of  dental  nerve;  20,  branch  of  menta),  cut;  a,  ptcrygoideus  in- 
terrius ;  i,  jiart  of  pterygoideiis  extemua  muscle  ;  c,  mylo-hyoid  muscle ; 
d,  portion  of  anlerior  belly  of  the  digastric;  e,  hypoglossal  muscle  ;  J", 
portion  of  aubinaxillarj*  gland. 

OF  TUK    BEVSHTH   PAia,  THE  FIOLU.  KXRVH. 

This  TiGTve  arises  front  the  upper  part  of  the  groove  between  the  oli- 
vary and  reatilbmi  bodies,  and  near  the  pons  varoJii.  With  'n^f.  n-venth 
Uie  auditory  nejirc,  or  portio  mollis,  it  conBtitutea  the  seventh  p"'^  <*'■  f""^''^- 
nerve  in  tJie  nomenclature  of  Willis,  and  derivea  the  name  portio  dura, 
under  which  it  aoraetimes  passes,  from  the  density  and  cioBeness  of  its 
texture.  It  supplies  all  the  muscles  of  the  face  except  tliose  of  mastica- 
tion, whicli  aje  supplied  by  the  fifth  nerve,  those  of  the  palate,  the  sta- 
pedius, lasator  tyiupani,  and  tensor  tympani ;  also  the  nrnscles  of  the  ex- 
terual  ear,  and  some  of  tljose  of  the  tongue.  The  facial  is  a  centrifugal 
nerve.  If  irritated  near  its  origin,  there  is  no  sensation  of  ]miii;  bat  sub- 
sequently it  obtains  fibres  from  other  sources,  as  from  the  fifth  and  the 
pneumogastric.  After  it  has  been  joined  by  these,  irritation  is  acutely 
telt.  It  is  therefore  to  be  regarded  as  the  general  motor  nerve  of  tlif 
face,  influencing  the  fimction  of  respiration  through  reflex  action,  but  not 
being  connected  with  the  ftinqtion  of  mastication.  Injury^  of  it  producex 
paralysis  of  the  jjarts  to  which  it  is  distributed,  ae,  for  example,  the  orbic- 
ularis palpebrarum,  causing  inflammation  of  the  eye  and  opacity  of  the 
cornea,  thioiigh  inability  of  that  organ  to  iree  itself  from  dust  and  spread 
the  lachrymal  secretion  over  its  surface.  In  like  manner,  the  senae  of 
hearing  may  be  injured  through  loss  of  control  over  the  muscular  struc- 
tures of  the  ear,  and  tlie  acuteness  of  the  sense  of  sirell  diratnished  trom 
Fi:t.  \er.  inability  to   introduce  the  air  in  n 

strong  current,  or  the  sense  of  taste. 
if  the  point  of  injury  be  previous  to 
the  giWng  off  of  the  chorda  tympani. 
In  paralysis  of  the  facial  ner^'e  the 
muscles  of  the  face  become  powerless. 
and  the  countenance,  therefore,  dis- 
torted. 

ILLl-^STRATIOS  OF   THE  FACIAL  ITERTE. 

Fiff.  167:  1.  trunk  of  the  facia] 
at  its  emergence  from  the  aqueduct 
of  Fallopiua  ;  2,  occipito-auricular 
branch;  3,  auricular  of  the  cervical 
plexus  ;  4,  twig  of  the  occipital  mus- 
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cle  ;  5,  twig  of  the  posterior  auriuular  muscle;  6,  twig  of  the  superior 
auricular ;  7,  .mastotnosia  of  the  facial  -with  the  auricular  of  the  cervical 
plexuB ;  8,  branch  for  the  stylo-hyoid  aud  posterior  helly  of  the  digastric : 
9,  temporo-facial  anastomosifi!  with  tlie  auperticial  aiu-iculo-temporal  of 
the  ftt'th  pair ;  10,  temporal  ramificfltions  of  ihe  facial ;  11,  Iroiital  twigs ; 
12,  superior  palpebral  twiga ;  13,  middle  palpebral  twigs;  14,  inferior 
or  motor  palpebral  twigs;  IS,  suborbital  twigs  ;  16,  suliorbitnl  plexus: 
17,  superior  buccal;  ly,  cervico-facial  branch;  19,  buccal  bmnehes,  anas- 
tomoaing  with,  20»  buccal  nerve  of  fifth  pair;  21,  mental  twigs,  forming 
witlit  22,  mental  nerve  of  Hfth  pair,  the  mental  plexus ;  23,  cervical 
branches;  24,  transverBe  cervical  branch  of  cervical  plexus ;  25,  parotid 
brandies  of  the  superficial  auriculo-temporal ;  26,  parotid  branches  of  the 
tacial;  a,  frontal  muscle ;  6,  occipital  muscle^  r,  anterior  auricular;  d, 
superior  auricular ;  rf,  posterior  auricular;  y,  orbicularis  palpebrarum:  y, 
zygomaticus  major;  /(,  buccinator ;  /',  orbicularis  oris;  X,  masseter;  t, 
parotid  gland;  ?/(,  platysma;  n,  stylo-hyoid  and  posterior  belly  of  di- 
gastric; 0,  stemo-cleiJo-maatoid ;  j>,  trapezius. 

or  TUB  KINTH   PJJB,  OB  QLOS  BO-rBABTNOEU,. 

This  nerve  arises  by  five  or  six  filaments  from  the  groove  between 
The  ninth  pair,  *^'^  oHvar)'  and  restiform  bodies.  Its  origin  may  be  traced 
OP  siosM-pJiB-  to  the  vesicular  substance  lii  the  tloor  of  the  fourth  ventricle : 
''^*"  ■  passing  forward,  it  is  distributee!  to  the  mucous  membrane 

of  the  base  of  the  tongue  and  fauces.  While  in  the  jugular  fossa  it 
forms  two  ganglia,  a  small  one  produced  by  its  posterior  fibres,  and  call- 
ed the  superior  ganglion  ;  a  secondt  much  larger,  termed  the  inferior.  Of 
ganglion  of  Andersch.  The  branches  given  oft'  by  the  glosso-jjlmiyngeal 
are  the  muscular,  the  tympanic  or  Jacobson's  nerve,  which  is  diatribulcd 
to  the  inner  wall  of  the  tympanum  and  interior  portions  of  the  ear;  the 
pharyngeal,  which  supplies  the  pharj'ns,  and,  with  branches  of  the  pneu- 
mogflstric  and  sympathetic,  forms  the  pharyngeal  plexus;  the  lingual 
supplies  the  mucous  membrane  of  the  sides  and  base  of  the  tongue; 
the  tonalUitic,  which  supplies  the  mucous  membrane  of  the  fauces  and 
soft  palate,  and  forma  a  plexus  round  the  base  of  the  tonsil.  Besides 
these,  the  glosso-pharyngeal  anaatomoaes  with  the  facial,  pneumogastric, 
accessory,  and  sympathetic. 

Examined  in  the  usual  way,  the  glosso-phaiyngeal  proves  to  be  a  cen- 
tripetal nerve,  having  the  power  of  producing  reflex  motions  through  the 
nerves  of  deglutition,  its  motor  influence  being  chiefly  due  to  its  con- 
nections with  the  pnf^umogastric  and  accessory.  Though  thus  a  sen- 
sory ncne.  it  is  doubtful  whether  it  be  llie  only  nerve  of  taste,  or  whether 
that  function  is  not  likewise  participated  in  by  the  lingual  branch  of  the 
fifth  pair.     It  is  certain  that  section  of  the  lingual  doe^  not  destroy  the 
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senae  of  taste,  and  alao  that  those  parts  of  the  tongue  to  wliicli  the 
glo39o-pharyngeal  is  diatributed  present  that  sense  in  the  most  marked 
manner.  The  inference  which  is  usually  drawn  is  that  this  nerve  and  the 
Lingual  are  both  tactile  and  gustative,  and  this  renders  appropriate  its 
tleacription  in  tJiia  place  rather  than  among  the  nerves  of  Gpecial  Bpnse. 


ILLDflTIUTEON  OF  TUS   QLOSao-FUABTMDEAL. 


Thit  eltwo-flMrynj^^ 


I'lg,  168:  1,  origin  of  the  gloBBO-pharyngeal 
between,  2,  the  pneumogaStric,  and,.3,  the  facial ; 
4,  ganglion  of  Andertscii;  5,  pharyngeal  hranches; 
G,  anastomoais  of  the  glosso-pi laryngeal  with  the 
lingual  branch  of  tlie  facial ;  7,  application  of  the 
spinal  to  the  superior  ganglion  of  the  pneumo- 
gastric;  8»  branch  of  jugular  fosaa :  9,  plexifonm 
ganglion  of  par  vagum;  10,  carotid  branch ;  11, 
superior  laryngeal  nerve  ;  12,  external  laryngeal ; 
13,  inferior  or  recurrent  laiyngeal;  14,  cervical 
branch  of  tl^e  spinal ;  15,  bulbar  branch  of  same 
nerve;  the  union  of  these  forms  a  tnmk  ivhich 
divides  into  two  branches ;  16,  external  branch : 
17,  internal  branch ;   18,  cervical  portion  of  sym- 


pathetic; 19,  hypoglossal,  cut. 


DIAQKAM   OF   aLOBBO-rHA^kHOEiLL. 


piff.  in. 


J^i/^.16^:  1,  facial;  2,  glosso-pliaryngc.il;  3,  pneutno- 
gastric;  4,  spinal;  5,  hypoglossal ;  (3,  superior  cervical 
ganglion ;  7,  7,  anterior  branches  of  the  two  first  cervical 
pairs;  8^  plexus  envelojiing  the  internal  carotid  artery: 
i>,  Jacobson's  nerve ;  10,  its  anastomotic  branch  with  the 
carotid  plesiiS ;  1 1,  small  deep  petrosid,  wliich  passes  into 
tiie great  supe-rficial petrosal;  13,  otic  ganglion;  14.  anaa- 
tomosia  of  glosso-pharyngeal  with  lingual  branch  of  the 
facial ;  15,  anastomosis  of  glosso-pliarjTigeal  and  pneumo- 
gastric;  16,  anastomosis  of  the  pharyngeal  of  the  glosso- 
pharyngeal with  that  of  the  pncumogastric  and  of  the 
spinal;  17,  auricular  twig  of  Arnold ;  18,  application  of 
the  trunk  of  the  spinal  to  the  superior  ganglion  of  tlie 
pncumogastric ;  19^  anaatomosia  of  internal  branch  of  the 
spinal  with  the  ganglion  of  the  trunk  of  the  par  vagum ;  20,  anastomosis 
of  pneumogdstric  and  hypoglossal ;  21,  anastomosis  cf  hypoglossal  with 
the  loop  formed  by  tirst  and  second  cervical ;  22,  22,  anastomosis  of  the 
two  first  pairs  with  the  cervical  ganglion;  23,  pharyngeal  plexus;  24, 
laryngeal  plexus ;  25,  anastomosis  of  the  external  branch  of  the  Rpinol 
with  the  anterior  branch  of  the  third  cervical  pair. 
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or   THE   TKNTH  PAIBt  THH   PAH   VAOW,  OK  PNUCMaQAHTRIC  KKBTE.   ' 

The  pneumogastric  nerve  arises  by  bix  or  eighl  tilaments  trom  tlic 
grooTe  between  tlie  olivary  and  rcatiform  bodies  below  the  glosao-pha- 
ryngeal,  and,  like  it,  may  be  traced  to  the  vesicular  material  of  the  tioor 
Thaipnt!  sir  '°*' ^''^  tourtli  ventriclc.  It  first  presents  a  small  ganglion, 
01  pueuniv({a»-  and  soon  after  a  second,  nenrl}^  an  inch  in  length,  called  ihv. 
plexus  ganglifomiis.  The  nerve  tlien  descends  the  neck  in 
the  sheath  of  the  carotid  vessels,  and  in  its  course  differs  on  the  right 
and  left  mdas  respectively.  On  the  right  aide  it  passes  between  the  sub' 
clavian  artery  and  vein,  descending  toward  the  stoinach  and  solar  plexus 
on  the  posterior  portion  of  the  eesophf^B  ;  on  the  left  it  enters  the  chest 
nearly  parallel  with  the  left  eubclavian,  and  passes  to  the  stomach  and 
solar  plexus  along  the  anterior  portion  of  the  ajsophagus. 

The  chief  branchea  of  the  pneumo^Btric  are  the  auricular,  llic  pharyn- 
geal, the  superior  laryngeal,  the  cardiac,  the  inferior  laryngeal  or  recur- 
rent, the  anterior  pulmonary,  the  posterior  pulmonary^  tlie  oeaophageal, 
and  the  gastric. 

The  piieumogaatric  presents  aeveral  plexuses  in  its  course,  and,  eveni 
when  distributed  on  the  stomach,  exiiibits  flat,  menibranifoTm  ganglia. 
It  Bupplies  three  great  classes  of  organs :  lat.  The  digestive-,  as  the  pha- 
rynx^  a'sophagus,  stomach,  liver;  2d.  Respiratory,  as  the  larynx,  trachea, 
lungs  ;  3d.  Circulatory,  as  the  heart  and  great  vesBcIs.  It  associates  it- 
self intimately  with  the  sympathetic,  and  aids  it  in  fonning  several  great 
plexuses. 

At  its  root  the  pneumogastric  is  sensory,  but  in  its  trunk  it  possesaes 
a  double  function,  arising  from  its  intermingling  with  other  nerves,  aa  the 
spinal  accessory  and  sympathetic.  Though  the  trunk,  if  irritated,  gives 
rise  to  pain,  we  htq  not,  under  ordinary  circumstances,  conscious  of  indi- 
carions,  as,  for  example,  in  the  act  of  breatliing,  in  which  \re  do  not  per- 
ceive the  neeeasity  of  respiration,  except  the  access  of  the  air  be  too  long 
delayed.  The  pharyngeal  branch  is  the  clitef  motor  ner\'e  of  the  pharj-nx 
and  palate.  The  superior  laryngeal  ia  the  sensory  nerve  of  the  larynx, 
tlie  inl'orior  laryngeal  being  the  motor.  Considered  along  with  the  spi- 
nal accessory,  the  pneumogastric  presents  an  analogy  to  a  spinal  nen-e; 
the  accessory  constituting  the  anterior  or  motor  root,  and  the  pneumo- 
gastric, with  its  ganglion,  the  sensory  root. 

The  pneumogastric  nerve  was  formerly  regarded  as  taking  an  influen- 
tial part  in  the  action  of  the  stomach  during  digestion.  The  precise  na- 
ture of  its  agency  in  this  respect  has  been  already  alluded  to.  In  addi- 
tion, it  may  be  remarked  that  probably  through  this  nerve  is  the  sensa- 
tion of  hunger  conveyed  to  the  mind. 


THi:  PKEUHOGABTRIC;  N£RV£. 
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ILLHatBAtlOH   OF   TRB   LEST  PNGDltOOAflTBta   KenVH. 

J^ff^  170  :  1,1, 1,  the  pneuraogastric  nerve;  2,  sTiaatoraoaEs  of  it  with 
the  hypoglosBal ;  3,  anastomosis  o(  plcsilbrm  gauglion  with  internal 
brnTich  of  the  spinal ;  4^  pharyngeal,  passing  in  Iront  of  the  intenial  car- 
otid artery;  5,  sm>erioT  laryngeal,  ijehind  the  internEd  carotid  artery ;  6, 
oxtemal  laryngeal;  7,  laryngeal  plexus,  formed  by  esteriial  laryngeal 
and  great  sympathetic ;  8,  superior  cardiac  ;  9,  middle  cardiac ;  10,  10, 
^a-  ''fi-  inferior  laryngeal,  or  recurrent, 

forming  a  curve  round  tJie  arch 
of  the  aorta;  11,  pulmonary  gan- 
gUop  ;  1^1  its  anastotnoais  with 
the  great  sympathetic  ;  13,  pos- 
terior pulniouary  plexus ;  14, 
(Bsophngeal  plexua;  15.  curves 
formed  around  the  (taophagTaa 
by  the  right  and  left  pncumo- 
gustncs;  16, ODsophagcal  strand 
traversing  the  diaphragm  ;  17, 
plexus  t'ormed  by  the  strand 
upon  the  anterior  face  of  the  car- 
diac end ;  IK,  brandiea  for  the 
great  end  of  the  stomach;  19, 
branches  for  the  Bmatl  curva- 
ture ;  20,  branches  for  the  ante- 
rior face  of  the  sloniacU ,  21, 
hepatic  branches  comniiingling 
with  the  hepatic  plexus  of  the 
great  sympathetic,  and  ramily- 
cng  in  the  substance  ofthe  liver, 
22,  glosso- pharyngeal ,  23;  its 
lingual  branch ,  24,  pharyngeal 
branch;  25,  branch  for  the  sty- 
lo-pharyngeal  muscle;  2G,  spi- 
nal ;  27,  internal  branch,  aiding 
to  form  the  pharyngeal  nerve , 
28,  external  bratich;  29,  twig 
of  esteriial  branch  anaslomos- 
ing  with  the  third  cervical ;  30,  anaatomosia  with  trapezian  branch  of 
the  fourth  cervical  ^  31,  cervical  portion  of  great  sympathetic ;  3li,  32, 
thoracic  portion  ;  a,  thyroid  body;  A,  trachea  ;  e,  left  lung,  drawn  to  the 
right ;  <I,  liver,  raised  ;  e,  ce5ophagu3 ;  /.  great  end  of  the  stomach, 
drawn  to  the  left ;  ff,  arch  of  the  aorta ;  the  carotid,  and  Bubclavian  ar- 
teries, cut. 
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Fig.  ni. 


^H 


CiL?^ 


i'v\\iivii*ci  ffanglla. 


Fiij.  171 :  1,  U  pulmonary  ganglia ;  2,  median  anas- 
toniosea  of  these  gaiigtia  at  the  posterior  laue  of  (In- 
tracliea,  and  origin  of  (he  bronchi ;  3^  left  laryngeal 
nerve,  aiding  lo  form  tlie  bronchial  ple^ius  :  4,  mm- 
tomoscs  of  the  two  pnemnogastrics  on  the  poaterior 
face  of  die  cesophagus. 


JLmBTRAnOlf  OF  IKFEKIOH.  1.AKTNQEALB,  AMTEIUOB   PCLSIOKAKT,  Aim  CAfcDUC    PLEIBS- 

J'ig.  172, 1,  1,  pncumogaatric;   2,  2,  superior  larjTigeal;  3.  3.  exter- 
f'p- iTi  tia{    laryngeal;    4,  superior   car- 

diac nerve;  5,  5,  middle  cardiar 
nerves;  6,  inferior  cardiacs.;.  7. 
cardiac  gfinglion  and  plexus;  8,8. 
nerves  from  this  plexua  surround- 
ing the  coronary  plexus ;  H,  9.  an- 
terior pulmonary  plexus  ;  10,  10, 
inferior  laryngeal ;  the  left  em- 
bracing the  arch  of  the  aorta,  the 
right  the  gubclavian  artery^  both 
go  to  the  posterior  face  of  tht- 
laryrLx  ;  II,  tracheal  branches; 
A,  pulmonary  artery;  B,  its  left 
branch;  C,  its  right  branch;  D. 
axcliof  the  aOila;  K,  libroua  cord 
arising  from  obliteration  of  the 
ductus  arteriosus;  F,  left  subclavian  j  G,  G,  left  primitive  carotid;  H. 
brachio-cephalic  trunk,  cut  to  show  cardiac  nerves  i  I,  vena  cava  supe- 
rior; K,  left  coronary  attety  and  vein;  L,  right  coronary  artery  and 
vein .  a,  Os  hyoides  ;  l,  projecting  portion  of  the  larynx ;  c,  trachea ;  rf, 
thyro-hyoid  muscle;  e,  t,  crico-thyroid ;  f,f,  scalenus  anticua ;  g,g, 
thjToid  body;  h,  h,  diaphragm;  j",  i,  pericardium,  cut  awaj. 

or  TMK   KUETEiml   PATK,  OK   SPinAI.   ACCKSSl^lftT  SERVE. 

The  spinal  accessory  arises  by  several  filamenta  from  the  side  of  (he 
The  plevenfh  Spinal  coTtl,  ss  low  as  tiic  fifth  or  sixth  cervical  nerve,  hi 
jiair  or  »pLn«l  its  upward  course  it  communicates  witli  the  poaturior  roots 
*c**»*»0''  of  the  tirst  cervical.  It  then  divides  into  two  hranclu^,  the 
smaller  joining  the  pncumogaatric,  the  main  trunk  passing  onward,  and 
being  eventually  distributed  to  the  trapezius  muscle,  and  also  fumiahing 
supplies  to  the  stern D-mastoid> 

The  spinal  acgessory  la  a  motor  aen  e,  aa  ai>pears  from  tlie  usual  e\i- 
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dence  of  irritation,  and  also  from  iu  origin  and  distribuLion.  Its  action 
is  not  essential  iii  ordinary  or  Involuntary  respiration.  In  voluntary  res- 
piration it  id  brouglit  into  play. 

OF   THK  TWKLfTH   PAIX,  OK   nTHHlLOSBAI.  HERTK, 

Tiiis  nerve  arises  in  tlie  groove  between  the  pyramidal  and  olivar)- 
bodies,  by  8  or  10  filaments,  which  are  collected  into  two  t-heiwemh 
bundles.  It  next  passes  forward  and  crosses  inward,  pur-  fiair,  or  bi-po- 
suea  a  course  wIucIl  is  concave  ujiward,  and  euppHea  the  ^  "*'  " 
geaio-hyoglossus  and  rauacles  of  the  tongue  generally,  giving  off  the 
following  branches  in  its  course  ;  the  deacendeus  noni,  the  thjio-hyoid, 
and  (iUments  connecting  the  gustative  nerve.  It  also  anastomoses  with 
the  pneuraogastric,  spinal  accessory,  first  and  second  cervical  nervea,  and 
aynipatlietic. 

The  hypoglossal  13  the  motor  nerve  of  the  tongue,  irritation  of  it  giv- 
ing rise  to  nio\'ement3  throughout  that  organ,  the  llngunl  branch  of 
the  fifth  being  the  sensory.  The  hj-poglossal  causes  tlie  muscles  of  the 
neck  to  aid  in  the  movements  necessary  for  articulate  speech. 

J*^iff.llS:   It  medulla  oblongata;   2,  gloaao-phnryngeal;   3,  pneumo- 

gastric ;  4,  sujxTLor  laryngeal ;  /i,  spi- 
nal ;  6,  first  cervical  pair  ;  7,  second 
pair;  8,  third  pair;  t),  fourth  pair; 
10,  lingual;  11,  origin  of  hypogloa- 
sal ;  12,  anastomosis  of  hypoglossal 
with  first  cervical;  13,  anastomosis 
with  nen-ons  loop  of  two  first  ccr\'i- 
cals  ;  14,  descending  branch  of  hy- 
poglossal, anastomosing  witli,  15,  de- 
'  'ilVH^V  "~^  scendliig  branehcB  of  cervical  plexus : 

^^*  lli,  twig  of  thyro-hyoid  niusck;   17, 

Ttj.].,pn,u.«dc*rv..  brandies  of  h.voglossua  ;    lb,recui> 

rait  branch  of  stylo-gloasusi  19,  branches  of  genio-hyoid;  20,  plexiform 
branches  of  hypoglossal ;  21,  anastomotic  branch  with  the  lingual ;  22. 
branch  for  Bubniasillary  gnnglion  ;  A,  vertebral  artery ;  B,  external  car- 
otid; C,  lingual;  D,  temporal;  E,  internal  niaxtllary;  a,  portion  of  thr 
condyle  of  the  occipital  bone  ;  li,  median  section  of  atlas  ;  f,  styloid  pro- 
cess ;  d,  atylo-glo9su9  ;  e,  stylo-pharyngcua  ;  y,  hyoglossua  j  ff,  genio- 
glossns ;  A,  pterygoideu^  exteraud ;  i,  pterygoideus  interaus. 


Although  the  phrenic,  or  internal  respiratory  nerve  is  not  strictly  in- 
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j^  fhivk  clttded  in  the  groap  now  ander  consi^eratioa,  jet,  consideriDg 
■■M-  its  iiDportant  DDonection  vritU  the  motioiu  of  rcspindon,  it  is 

proper  to  describe  and  illoEtrate  it  here. 

^  sriscB  from  the  third  and  fourth  txirvical  nen'es^  aided  by  a  branch 
6on)  the  fifth,  or  from  the  brachial  plexos^  and  from  the  sympathetic 
In  itfl  descent  it  eommutucates  with  the  lower  cervi>cal  ganglion,  enters 
th?  thorax  between  the  snbclaWan  vein  and  aneiy.  and,  passing  along 
thd  $3.de  of  the  pericardlnini,  descends  to  the  diaphragin,  the  nght  phrenic 
faeii^  pefpendicalar,  and  the  leift  running  QbIi(|uelT  round  the  apex  of  the 
hnrL  It  is  diBtributcd.  for  the  most  part,  to  Ixith  laces  of  the  diaphragm, 
mperior  and  infertor.     It  is  the  motor  nen*e  of  the  diaphragm. 


Ftp.  114. 
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ILLCHTRATICUf   OF   TBK  rBEESiC  XEBTH. 

J^ff.  1 74 :  1«  If  root  of  the  pbreiuc 
nene,  ftimisbed  by  the  fourth  cervi' 
cal ;  2,  2,  roots  txom  the  brachial 
plexus :  anastomosis  of  tliis  nerve 
n-ith  branch  of  the  subclarioD  ;  4, 
anastomosis  with  the  inferior  cer- 
vical ganglion ;  5,  5,  curve  of  the 
hypoglossal,  cat+  sending  a  Iwig  to 
the  phrenic  nerve ;  6,  6,  jwricardiac 
brandies  of  the  plirenic  nerve ;  7, 
7,  branches  to  the  superior  face  of 
the  diaphragm;  8,  8,  tranches  to 
(he  inferior  face  of  the  diaphragm  ;  .j 
9,  anastomoses  of  these  branches 
with,  10,  tlie  solar  plexus  ;  11^ 
trai^  verse  cominiuiication  of  the 
phrenic  nerve's. 


or  THE  OaRAT  OTMPATHKTIC  SKKrK. 

Under  tlie  designations  of  sympathetic,  visceral,  trisplanchnic,  ^ngli- 
p      .  onie,  intercostal,  or  nerve  of  organic  life,  paases  a  series  of 

ftrutiurerfUjie  Teddisli  OT  gTfly  ganglia,  interconnected  by  nervous  strands, 
syippMiieUc.  tjrtending  along  each  side  of  the  vertebral  column,  from  the 
head  to  the  toccyx,  communicating  with  all  other  ncn.-es  of  the  body, 
and  distributing  hranche.t  to  the  internal  viscera,  or  organs  of  involonta- 
ry  function.  These  ganglia  are  less  numerous  than  the  vertebra; ;  the 
chain  on  each  aide  communicates  with  its  colleague  through  plexuses, 
and  the  ganglion  impar  la  the  common  uniting  point  on  the  cocc^'X  be- 
low. By  some  it  is  supposed  that  the  ganglion  of  Ribes,  and  by  others 
that  the  pituitary  body  has  the  same  function  in  the  craniuni  above. 
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Wliftt  are  here  spoken  of  as  nervous  stranda  are  perhaps  more  correctlj 
prolongations  o£  the  ganglia  themselves. 

The  origin  of  the  sympathetic  Las  been  long  &  subject  of  dispute,  Bome 
supposing  that  it  is  a  special  system,  of  which  tJie  ganglia  aro  oriicin  of  ilie 
90  many  independent  centres,  establishing  incidental  comma-  aympattieiic. 
nicationa  wilh  the  cerebro-spiual :  otliera,  that  its  origin  is  in  the  internal 
viscera,  and  its  termination  in  the  cerpbro-spinal  ayalem,  this  opinion  be- 
ing snpported  by  tlie  alleged  facta  that  the  sympatLetic,  in  its  develop- 
ment, appears  before  the  other  parts  of  the  nervous  system,  and  simulta- 
neously witli  the  splaucUiiic  organs,  and  that  it  has  been  found  in  mon- 
sters without  a  brain  or  spinal  cord;  others,  again,  suppose  that  it  orig- 
inates from  the  roots  of  the  cerehro-epinal  system,  and  terminates  in  the 
interior  organs-  Regarding  it  in  this  light,  some  have  imputed  its  origin 
to  all  the  flpiiml,  and  lifth  and  sixth  cranial  conjointly;  others  have  lim- 
ited it  to  the  two  latter- 

The  pneiiniogastric  nerve  aids  it  in  forming  tliree  of  its  plexiises,  the 
pharyngeal,  cardiac,  and  solar.  In  certain  respects  the  pnou-  Uclntwna  of 
mogastric  and  sympathetic  seem  to  exhibit  ei  reciprocal  de-  tr^l!  a"|j'^g',f|„. 
velopment,  in  some  of  the  lower  animaU  the  former  pre-  paiiii:tio. 
dominating  over,  and  supplying  tiro  place  of  the  latter;  and  this  replace- 
ment, it  is  said,  goes  on  in  the  descending  series  imtil,  in  the  cephalopo- 
dous  moilusks^  the  sympathetic  has  disappeared,  and  the  pneumogastric 
takes  its  place. 

J''ic^.  175  illustrates  the  relatiOB 
of  the  ^}Tnpathetic  and  spinal  nerves; 
C,  c,  anterior  fissure  of  tho  spinal 
cord ;  a,  anterior  root  of  a  dorsal 
Bpiiial  nerve;  j),  pof^tcrlor  root,  with 
its  ganglion ;  a',  anterior  branch  t  p', 
posterior  branch;  «, sympathetic  ;  g, 
its  double  junction  with  the  anterior 
branch  of  the  spinal  nerve  by  a  white 
and  a  gray  lilament. 

The  pympathetic  chain  therefore 
establishes  connections  cotinrctioii  oi 
with  the  cerebro-spinal  ^-^:^^ 
system.  Each  spinal  luin. 
nerve  is  brought  into  relation  with 
it  through  two  strands,  a  tubular  or 
white,  and  a  gelatinous  or  gray. 
The  tubular  or  while  strand  may  be 
re^rded  aa  actually  arising  from  the 
spinal  cord,  and  consisting  of  motor 
ReUHoii  or  111*  Kj-mpiirhftij  mi4  ppinn,  j„|(j  seTigoty  filaments.     It  makes  its 
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way  to  the  gangHon  of  the  syinpatbetlc,  passes  over  and  tluough  it,  its 
fibres  conjoining  themselves  witU  gray  ones,  which  they  have  gathered  in 
tlie  ganglion.  The  gray  or  gelatinous  root  ia  to  lie  viewed  as  having  its 
origin  in  the  ganglion  of  the  aynipathetic,  and  sending  its  ttbrea  chiefly 
to  the  ganglion  on  the  posterior  root  of  the  spinal  nerve,  but  tew  of  them 
doubtfully  communicating  with  the  anterior  root.  The  fibres  which  seem 
to  enter  the  cord  are  probably  for  tlie  supply  of  blood-vcBsels.  Each  of 
these  aympathelic  ganglia  is,  thercforCt  a  nervous  centre,  sending  forth 
strands  in  three  directions  :  let.  To  join  the  spinal  fibres  in  their  distri- 
butiun ;  2d.  To  Ihe  spinal  cord  itiaeli',  or  chiclJy  to  the  ganglia  on  the  pos- 
terior roots  of  its  nerves ;  3d.  To  the  next  sympathetic  ganglion  above, 
Sympnihoiii:  I"  the  variouB  plexuses  of  the  sympathetic,  vesicles  ore  found, 
plttsustia.  from  which  gray  fibres  seem  to  originate.  The  branches  which 
supply  the  viscera  constantly  fonn  plexuses ;  the  arteries  arc  surrounded 
vn\\i  such  a  T)ct-work.  The'eplanchnic  ganglia,  with  their  interconnect- 
ing strands,  and  supplies  from  the  cerebro-Bpinal,  give  rise  to  ibur  great 
pleixuses:  the  pharyngeal,  the  cardiac,  the  solar,  and  llie  In^ogastric 
The  first  and  last  of  these  are  in  symmetrical  pairs ;  the  olher  two  are 
single^  and  placed  on  the  median  line. 

l*'roni  its  construction  the  sympathetic  can  not  he  regarded  as  an  iso- 
p,  _.  „  lated  or  self-acting  system,  since  all  its  branches  contain 
of  Vvmpaiiieiic  fibTGs  derived  from  the  cerebro-spmaL  In  function  it  must 
ganjriiH.  therefore  be  adjuvant  to  that  system,  and  it  must  be  admit- 

ted that  the  motor  and  )<ensory  qualities  of  the  included  spinal  fibres,  ac- 
cording as  they  have  been  derived  irom  the  anterior  or  poaterior  columns 
of  the  cord,  are  continued  in  tlicir  association  with  the  a^Tiipathetic 
Hence,  in  so  far  as  being  a  comjKiund  nerve,  it  |K)aseasea  bolh  those  func- 
tions, and  this  conclusion  is  corroborated  by  such  facts  as  those  of  the 
distribution  of  the  sj-mpathetic  both  to  muscidar  portions,  as  to  the  heart, 
and  also  to  sensitive  ones ;  by  the  circunistAnce  that  the  intestinal  canal 
from  the  stomach  to  the  end  of  tlie  colon  receives  its  nervous  suppljr' 
from  this  source  alone.  Experiments  on  the  ejTupathelic  ^nglia  estab>" 
hah  a  similar  conclusion,  irritation  of  the  coeliac  ganglion,  for  instance, 
giving  ripe  to  increaacd  peristallic  motions,  and  pathologieal  observationa 
tiimighing  like  evidence  as  regards  the  sensory  function.  Compared 
with  other  nen'e  trunks,  the  sympathetic  is  much  less  active  in  tliose  re- 
spects, a  high  irritntion  of  the  parts  Supplied  by  it  often  being  rcquircd 
to  cauae  pain,  and.  in  like  manner,  its  motor  tibres  are  little  under  the  in- 
tiuencc  of  tlie  will 

Tiie  sympathetic  transmits  sensations  so  tardily  that  it  has  been  sup- 
posed that  one  office  of  its  ganglia  ia  for  the  purpose  of  cutting  off  sudi 
impressions ;  and,  in  like  manner,  when  motor  fibres  of  the  eerebro-spi- 
nal  system  pass  through  its  ganglia,  their  cgnducting  power  appears  to 
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be  inipaircJ.  There  does  not  seem  to  bo  any  decisive  proof  that  any  of 
the  tibrea  of  tlic  aympathetk,  properly  speaking,  arc  motor  or  sensory,  or 
that  il3  gftnglia  produce  reflex  action,  the  agency  ■wliEcU  it  exerts  in  these 
tespctta  on  the  muscular  structure  of  the  heart,  Liood-veaseU,  digestive 
or  urinaty  organa,  heitig  due  to  the  aasociateJ  ccrebro-splnal  fibres. 

In  tht»  maimer,  by  its  distribulkQn  tq  the  arteries,  the  fl^llJ pathetic,  &S 
a  compound  nerve,  exerts  a  power  over  the  passage  of  the  blood  tlirougb 
them  by  influencing  their  contractility,  and  thereby  their  dUincter.  In 
virtue  of  this,  it  therefore  aflfeL^ts  the  Kipidity  ot"  secretion,  and  also  regu- 
latea  the  rate  of  nutrition.  The  entire  digestive  tract,  with  ita  dc[>endeu- 
cies  are  thna  brouglit  under  ita  influence,  the  salivary  glanda,  pharj-nx. 
o^fiDphagus,  stomach,  intestine,  nasal^  broncliial,  and  pulmonary  sur- 
facf^s,  etc 

The  "view  of  the  fiinction  of  ganglia  presented  on  preceding  pages  is 
strongly  supported  by  the  mechanism  and  phenomena  of  the  j^^  anHaan- 
sympathetic  nerve.  Ita  ganjj^Iia  permit  the  influence  passing  r(;ien.oir8  of 
along  the  nervous  cords  to  escape  therefrom  into  new  chan-  '""' 
nels,  and  also  retain  and  utore  up  ner\'oiis  power.  Tliey  become,  there- 
fore., iimgazines  of  force,  and  are  henc«  capable  of  sustaining  rhythmic 
movements-  Even  after  organs  have  been  exsected,  they  will  still  exhib- 
it, under  the  influence  of  these  ganglia,  their  accustomed  motion,  as  is  the 
case  with  the  lieart,  which,  in  fiome  of  the  cold-blooded  ammak,  will  con^ 
tinue  il9  contractions  for  many  hours  after  it  has  been  cut  out  of  the  body. 

I  therefore  regard  the  sympathetic  systera  as  having  for  one  of  itb 
main  functions  tiie  equalization  or  balancing  of  the  nervous  Ccndosion 
force,  storing  up  all  transient  excesses  of  it,  and  furnisiiing  "'■P'^;""!!  'J'p 
all  transient  deficiencies.  As  In  a  meclianical  contrivance,  i.vai|MiihHii-. 
in  which  the  prime  mover  works  in  an  irregular  way,  the  fly-wliee!  har- 
monizes all  such  variations,  storing  up  01  supplying  power  as  the  cir- 
cumstances may  require,  so  does  tliis  complicated  apparatus  act  in  the 
mechanism  of  innervation.  And  it  ia  worthy  of  remark,  that  some  such 
arrangement  would  seein  to  be  necessary,  since  tJje  organs  of  digestion,  to 
which  the  sympathetic  ia  so  largely  directed,  ore  pojiodically  in  activity 
and  periotUcally  quiescent. 

It  is  to  be  greatly  regretted  tliat  the  terra  sympathetic  has  been  ap- 
plied to  thifl  important  nerve,  since  that  term,  as  defining  function,  has 
led  to  the  promulgation  of  theoretical  ^-iews  which  Imve  exerted  an  influ- 
ence to  the  disadvantage  of  llie  progress  of  physiology — views  which  will 
not  bear  the  teat  of  anatomical  criticism,  and  which  are  therefore  hicor- 
rect.  It  is  always  nuich  better  to  give  designations  in  allusion  to  struc- 
ture or  position  than  to  fiinction,  eapecially  wJicrc  the;  function  is  douht- 
fuL  For  Ibis  reason,  the  title  of  intercostal  is  much  preferable  to  that 
of  nerve  of  organic  life,  and  trisplanqbmc  bettct  than  Bympathetic — an 
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imposing'  but  myBterious  epithet,  which  haa  been  a  source  of  injury  lo 
the  Bcience,  and  whicli  it  would  be  well  even  now  to  replace  by  snch  a 
term  aa  vincalar  or  monililbrm  nerve,  or  some  title  of  equivalent  import. 


ILLnBTBATtON   OF  THE   QK&AT   BTUFATUSTIC. 

""■"*■  -Fig.  176:   1,  glol*  of  tlie  eye." 

dissecled  so  a.s  to  show  Ilie  ciJiarv 
nerves;  2,  branch  of  the  inlerior  ob- 
lique and  the  motor  root  ot*  the  oph- 
thalmic ganglion  ;  3, 3, 3,  (he  tlirec 
branches  of  the  trifacial,  in  connec- 
tion with  most  of  the  cranial  gan- 
glia, that  is,  with. 4,  ophlliahnic  gan- 
glion, 5,  spheno-palatine,  t>,  otic,  7. 
submaxillary,  and,  H,  euhlingual : 
9,  external  motor  ocnli;  10,  fudal 
and  it»i  anastomo^a  with  the  sphe- 
no-palatine  and  otic  ganglia;  11, 
glos&o  -  pharyngeal ;  12,  12,  right 
pneiunogaBtric  ;  13,  left  pneumo- 
gastric;  14,  spinal;  15,  hypoglos- 
sal; 16,  16,  cervical  plexus;  17, 
bracliial  plexus ;  IfS,  18,  intercostBl 
nervea ;  19,  19,  lumbar  plexus  ; 
2'1,  sacral  pkxiiss;  21.  superior  cer- 
vical ganglion,  t'urnishing  two  caro- 
tid branches,,  forming  the  carotid 
plexus  around  tjie  arterj'  of  thai 
name,  nnd  from  which  arise  the 
anaHtomosea  with,  22,  nerve  of  Ja- 
cobson,  23,  carotid  branch  of  vid- 
ian nen'e,  34,  external  motor  oc- 
uli,  25,  ophthalmic  ganglion  J  26, 
twig  for  the  pituitary  gland ;  37, 
anaatomosis  of  superior  cervical 
ganglion  with  the  first  cervical 
pairs ;  28,  carotid  and  pliar^-ngeal 
branches;  29,  pharyngeal  and  in- 
tercarotid  plextl?  ;  30,  larj-ngeal 
branch,  anastomoaed  with  the  e^xtemal  laryngeal  of  the  pneumognatricj 
31,  superior  cardiac  nerve  ;  32,  strands  of  junction  of  the  Biiperior  cer\'i- 
cal  ganglion  with,  33,  middle  cervictd  ganglion  :  among  the  internal 
branches  q(  the  latter  are,  34,  the  anastomotic  with,  35,  the  recurrent 
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nerve,  36,  middle  cardiac  iicT\-e;  37,  atrandof  jiinclion.  of  middle  eervical 
^nglion  with,  38,  inferior  cervical  ganglion  ;  40,  twigs  liirnished  by  in- 
ferior cervical  ganglion  around  the  subclavian  and  vertebral  artcrieg  ;  41, 
anastojiiotic  branch  wjUi  the  lirat  intercostal  ncnc;  42,  cardiac  plexus 
and  ganglion ;  43,  44,  secondai^  plexuses  of  right  and  left  eoronarj"  ar- 
teries ;  tVoni  45  to  4(),  thoracic  gftHgUonary  chain ;  47,  the  great  splanch- 
nic traversing  the  diaphragm,  and  going  to,  4b,  semilunar  ganglion ;  49, 
little  splanchnic;  50,  golar  plexuS'^  receiving,  51,  anastomosis  of  pncii- 
mogaBtric,  S2,  phrenic  nerve;  53,  gastric  coronary ;  04,  hepalitr;  55,  sple- 
nic; 56,  Bupcrior  mesenteric,  enveloping  the  arteries  of  those  names;  57, 
renal  plexus  ;  from  58  to  58,  lumbar  ganglionic  chain ;  59,  lumbo-aortic 
plexns,  presenting  two  eiilargcnienta,  one,  (iO,  above,  the  other,  61,  below 
the  bifiiTcation  of  the  aorta;  G2,e|x;rmati(L;  plexus;  fiS,  interior  mesenteric; 
64,  hypogastric  plcxua  ;  G5  to  (i.5,  sacral  ganglionic  cliain ;  66,  terminal 
coccygeal  ganglion ;  A,  heart,  slightly  turned  aside  to  show  the  cardial 
plexus  ;  B,  arch  of  the  aorta,  also  drawn  aside  by  hook ;  C,  innominnta  ; 
U,  Bubclavian,  cat,  to  show  inferior  cervical  ganglion;  E,  inferior  thy- 
roid ;  r,  portion  of  external  carotid ;  G,  internal  carotid ;  H,  thoracic 
aorta;  I,  abdominal  aorta;  J,  primitive  iliac;  K,  intereostals ;  L,  pul- 
monary artery,  of  which  the  right  branch  is  cut ;  M,  Biiperior  vena  cava, 
cut  at  its  ori^n;  N,  vena  cava  inferior;  O,  pulmonary  veins  ;  a,  lach- 
rjinal  gland ;  b,  sublingual  gland ;  c,  submaxillary  gland  ;  (/,  thyroid 
body ;  e,  trachea ;  jF,  oesophagus,  going  to,  g,  liie  stomach ;  A,  several  in- 
testinal loops  with  superior  mesenteric  plexus;  ?',  transverse  colon;  j", 
sigmoid  ttesnrc ;  ^^rectiun;  i,  bladder;  lu,  ureter;  n,  prostate;  (j,  ve- 

sicula  Beminalia ;  />,  xrs  deferens  ;  y,  spenn- 
atic  cord  ;  7',  r,  diaphragm. 


fiff.  i: 
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J^iff.  177 :  1, 1, 1, 1,  portion  of  the  right 
and  left  ganglionic  chain ;  2,  coccygeal  gan- 
glion ;  y,  median  anafitoiiioses  of  the  two 
flacral  cords ;  4,  4,  great  splanchnic,  righl 
and  lefti,  traversing  the  <!iaphragm,  and  go- 
ing to,  5,  5t  serailunnr  ganglia ;  6,  solar 
plexus;  7,  splenic  plexus;  8,  hepatic  plex- 
us; 9,  coronary  plexus  of  stomach;  10» 
anaatomoacs  of  the  two  pneurioga8lrics> 
right  aiid  left,  with  solar  plexus  and  gastric 
coronarj';  11,  diaphragmatic  plexus  and  su- 
perior capeutiir;  12,  anastomoses  of  these 
two  ph-xuaes  with  the  plirenic  nerve;  13, 
middle  capsular  pIe.\U8  :    14,  inferiur  capsu- 
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lar  plexus,  coming  from,  15,  renal  plexus  5  16,  16,  lesser  splanchnics. 
traveraiTig  the  diaphragm;  IT,  superior  mesenteric  plexus;  18,  sperm- 
atic plexus,  arising  from  threc  agurcea,  ihe  renal,  lu mho-aortic,  and  Kypo- 
gastric ;  from  19  to  1^,  Iqmbo-aortic  plexus;  ^0,  20,  its  Tjifurcationa ; 
21,  inferior  mesen-teric  piexas ;  22,  22,  its  anaBtomosea  with,  23,  23. 
hypo^stric  pkxus  on  each  side ;  24,  24,  sacral  plexua ;  a,  diaphragm, 
cut;  6,  portion  of  stomacLi  and  cBsopLugus  ;  i',  s.pleen  ;  </,  kulney  and  its 
aupra-renol  capsule ;  if,  testicle ;  /■,  ureter,  cut ;  A,  A,  aorta. 
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^ig,  178:  1,  solar  plexua,  furnishing,  2,  hepatic  plexus;  3,  gastric 
coronary  plexus,  and,  4,  splenic  plexus ;  5,,  anaalomoses  of  right  and  left 
pneuuiogaatric  with  the  soUr  plexus  and  gastric  cororiar/ ;  6,  branches 
of  pneumogastric  going  to  the  liver ;  7,  plexus  of  biliary  ducts;  8.  origin 
of  BU|^>erior  meaenleric  plexus;  9,  renal  plexus;  10,  capsidar  plexus; 
11,  11,  spermatic  plcsuB^  13,  coramencement  of  lumho-aortic  plexua ; 
1.3,  jwnion  of  inferior  mesenteric  plexus  ;  a,  the  liver,  raised;  A,  the  stom- 
ach, cut  at  its  great  end;  c,  the  spleen  j  rf,  the  kidney;  «,  kidney*  ctit; 
y,  snpra-rcnal  capsule;  ^,  §•,  ureters ;  f^jr  its. 

/*,  duodenum ;  /,  /',  panci^eaa. 
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SITPKRIOn   NESEMTBHIC   liXD    IMTERIOX   KRgEKTEKIC  PLEXDa. 

l^ig.  179:  1,  superior  mesenteric  plexus,  eurrounding  tlie  divisions  of 
the  artery  of  ihe  same  name,  nnS.  offering  many  flat  ganglia;  2,  portion 
fif  inferior  mesenteric  plexus;  a,  cceenm  and  apfiendix  vermiformis ;  A,  A. 
tranaverae  colon;  c,  portion  of  small  intestine. 
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CHAPTER  XVnL 

OF  TirE  VOICE. 

Oriffin  a/tkt  Voice. —  Compamtivf  Phgnaliii/g  of  Sai*e,  SantJ^  Vtmnf. — JXtlhifUoH  ItttHten  StMff 

aad  Sprvrb. —  TSe  [jiiiyiix,  and  v(n  Arfinn,  in  .Sin^aff. — Afutlrr'/i  KJJiiuiatlon  tifdM  Aftian  <if 

the  Vaatl  Offfttai. — SitfiiJcitiij  Auiiraii.-!  and  MuihinrJt. 
Nature  if  M'oriiii  (vid  tlHf  conttttueM  ^^oanilt. —  VoveU  and  GtiueuKintf. —  H'^M/*mnj, —  Um 

of  tht   Voire  of  AnimiiU. 
Q/'  tyin'jtm'jfn:  rhdf  Diimtioji,  Churixner,  H'uttirg. — Bnjistiy  ^Sountl*  hg  Writmyimtl  I'rint- 

ify.— ,lfii*tm/  ffijna. — AipfiaLflic  ^Vi^li'i'J- 

For  the  production  of  tJio  sounds  necesaaty  for  intercommiihicati<m 
among  tlio  higlier  animals,  and  particularly  tor  the  speech  of  Vgi™  ariF** 
man,  it  might  be  supposed  that  some  complicated  and  elab-  !^7i!liur^"of 
orate  contrivance  must  needs  be  resorted  to.  This  abject  is,  ie»[>iraiian. 
however,  accomplialied  by  merely  employing,  on  its  escape  from  the  sys- 
tem, the  wasted  product  of  respiration,  tlie  breath,  which,  aa  it  issuea  ont- 
ward  through  the  respiratory  passagea,  seta  in  motion  a  simple  mechati- 
iam,  and  thereby  originBtcs  all  the  exquisite  modulatioiia  of  song,  and 
all  the  impressive  utterances  of  speech.  la  it  not  to  be  adrnircd  that 
thus,  out  of  dead  and  disniisiscd  matter,  results  of  so  hlgti  an  order,  ma- 
terially and  nientfJly,  are  obtained? 

Wliat  might  lie  termed  Iho  comparative  physiology  of  the  voice  is  veiy 
simple.  It  appears  first  in  invertebrate  animals  as  a  nio-  „ 
notonoua  noiac  or  cry,  which  gradually,  in  higher  tribes,  he-  piij-sidloayof 
cornea  more  varied  in  loudness  and  note.  It  is  worthy  of  "'"'"■ 
remark  that,  in  the  different  stages  of  his  existence  man  himself  fiiniishes 
an  illustration  of  this  course.  Voiceless  before  birth,  with  a.  piteous  or 
monotonous  cry  in  early  infancy,  articulate  speech  and  song  are  the  re- 
sult of  education,  and  through  these  the  power  is  eventually  gained  of 
espresaing  the  most  refined  emotions  and  the  moat  elevated  ideau.  The 
solitary  bcll-ltke  sound  whicli  the  nudibranchiate  gasteropods  emit,  thus 
produces,  by  its  successive  improveme^ntg,  a  wonderful  result  at  last. 

Among  insects  the  mode^  of  producing  sounds  are  very  various,  some 
efi'ecting  it  by  percussion,  some  by  the  friction  of  homy  or-  p„ju^ii„„  ^f 
gans.      In  others,  the   extremity  of  the  tracliea,  through  ruiiimenturj' 
which  the  air  escapes,  is  acconimodafed  with  vibrating  mem-  "*""'  *' 
branes.     According  to  Burmeister,  the  contractions  of  the  niuacles  cf  the 
wings,  which  are  brought  vigorously  into  action  during  tlying,  occasion 
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an  alt'emate  pressure  and  relaxation 
upon  the  tracheal  tubes.  The  air, 
thus  passing  in  and  out,  throws  inio 
vibration  the  valves  of  the  spiracle, 
which,  as  «een  in  J^iff.  180,  are  sus- 
pended upon  a  dozen  or  more  flexible 
supports ;  but  their  free  edges,  ap- 
proaching within  a  certain  distance  of 
cacli  other,  are  tlirown  into  quick  vi- 
bration by  the  passing  current,  in  the 
Baine  manner  as  ia  the  vibrating  spring 
of  the  accordeon.  These  vibrating 
plates  of  insects  are  the  rudinienta  of 

pamtus  in  man.  Again,  in  Others,  the  swiftlj-recurring  beating  of  tlie 
wings  produces  a  eountl,  as»  for  e:catuple,  in  the  inuequito.  Among  ver- 
tebrated  animals,  those  which  breathe  the  air  are  vocal,  nearly  all  Bahes. 
StmnOii  of  rep-  being  mute*  From  fishes,  as  we  pass  upward,  the  sound 
iika  itDd  hirJfl.  j,|,(j  i\^g  instrument  which  makes  it  increase  together  in  com- 
plexity. Through  a  simple  chink,  the  air  expelled  from  the  respiratory 
sacs  of  snakes,  by  the  contraction  of  their  abdominal  muscles,  issues 
forth  as  a  mere  hiss,  the  sound  being  increased  in  the  frog  by  the  devel- 
opment of  resonant  cavities.  From  these  simple  noises  we  are  conduct- 
ed to  file  musical  notes  of  bu-ds,  some  of  which  are  of  exquisite  purity 
and  sweetness.  In  these,  the  vocal  glottis  is  situated  at  the  bifurcation 
of  the  traclica,  another  glottis  being  above  for  tlic  final  es- 
cape of  the  air.  These  vertcbrated  animals  first  introduce 
us  to  the  mechanism  for  articulate  speech,  the  raven  and  parrot  being 
able  to  pronounce  words  with  disSinctucsa.  The  articulation  is  ctfected. ' 
as  in  man,  by  the  motions  of  the  tongue  and  other  portions  of  the  raoutfa. 

For  the  further  consideration  of  this  subject,  it  is  necessary  to  undcr- 
~^.  .  stand  that  there  is  a  distinction  between  song  and  speech. 
twi«iiion(janJ  Song  13  pToduccd  by  the  glottis,  speech  by  the  mouth;  or, 
*P**'  "  perhaps,  a  more  correct  statement  woidd  be,  that  the  larynx 

is  the  organ  of  song,  tlie  mouth  of  tliat  form  of  sjieech  which  ws  call 
whispering,  and  for  which  nothing  is  required  but  a  stream  of  airisauing 
from  tlie  tiiuccs,  the  tongue  and  other  organs  giving  it  articulation :  but 
for  audible  speech,  a  noise  is  created  in  the  laiyns,  and  modified  by  ar- 
ticulation in  the  mouth. 

The  double  larynx  of  birds  is  replaced  by  a  single  larynx  in  man, 
which  8er\-cs  at  the  same  time  for  the  entrance  and  exit  of  air,  and  like- 
wise for  vocalization.  Those  birds  in  which  the  lower  larynx  is  absent 
an  voiceless.     A  general  idea  of  the  construction  of  the  organ  of  voice 
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in  man  may  be  gathered  by  supposing  it  to  be  composed  of  tliree  por- 
tions, tke  trachea,  tJie  laryiix„  and  the  mcmUi,  Tie  trachea  Dqacripiiop.  of 
ia  the  tube  by  wliicti  air  is  brought  from  the  lungs  and  ile-  '^•^  Iwynx. 
Uvered  iiito  tlie  Urjns,  wliicli  is  a  eiiperposed  strut;liire,  arranged  upon 
the  cricoid  cartilage,  on  whidi  Is  arlicolated  the  thyroid  curtilage  by  it? 
lower  homa,  around  which  a  certain  degree  of  rotation  can  be  accoraplisli- 
ed,  80  that  the  front  ot"  ihe  thyroid  may  be  elevated  or  depreaaed  with  u 
kind  of  bowing  motion.  Posteriorly,  on  the  cricoid  cartilage  are  placed 
the  arytenoid  cajtllageSf  which  can  be  approached  or  scpiirated  from  each 
other,  and  from  their  sunimita  paaa  to  the  front  of  the  iJiyroid  carLilagc 
the  inl'erior  laryngeal  ligaments  or  vocal  cords.  These  constitute  the 
essential  organ  of  sound.  TJie  thyroid  cartilage,  by  its  motions,  can  de- 
temiiiic  the  strain  put  upon  thera,  and  the  arytenoids  can  either  bring 
them  into  parid.lelisD],  or  place  tlieni  at  an  acute  angle.  The  chink  of  tie- 
sure  hetween  them  is  the  rima  glottidia :  its  figure  and  width  vary  with 
the  recession  or  approximation  of  the  vocal  corda,  which,  as  the  air  passes 
by  tlietfl,  are  tlirown  into  vibration  in  the  same  manner  as  llie  reed  in  mu- 
sical instruments.  The  epiglottis  cartilage,  wluch  is  above,  guards  the 
passage,  and  may  also  be  sup|.xised,  by  its  descent,  to  deaden  the  sounds. 

Tlie  slownesB  or  rapidity  of  the  vibration  is  dependent  on  the  stretch 
of  tiie  vocai  cords.  The  manner  in  which  various  degrees  R^^-uiBiic'ii  or 
of  tension  can  be  given  to  the  cords  ia  readily  understood  by  '•'^fiT'^ai  ^rdt. 
considering  their  attachments.  In  front,  as  we  have  said,  they  are  fast- 
ened to  the  thyroid  cartilage,  posteriorly  to  the  arytenoids.  When  the 
ih^Toid  cartilage  executes  a  bowing  motion  forward,  the  vocal  cords  are 
put  Upon  the  stretch,  and  similar  variations  of  their  tension  and  also  of 
their  position  can  be  given  by  the  movements  of  the  arytenoid  cartilages 
behind.  When  the  air  is  moving  in  and  out  without  giving  rise  to  any 
sound,  the  chink  of  the  glottis  is  angular,  its  point  being  forward,  and 
from  that  the  cords  diverge  posteriorly.  l'"or  the  production  of  sound, 
the  cords  must  be  brought  parallel,  or  even  inclining  toward  each  other. 
If  they  incline  away  from  each  other,  no  sound  will  be  produced.  The 
pitch  of  the  note  will  be  determined  by  the  stretch  of  the  cords,  and  this, 
in  its  turn,  will  be  dctemnned  by  the  contraction  of  the  vocal  muscles. 
The  crico-thyroid  and  stemo-thyroid  bow  tiie  front  of  the  thyroid  cartil- 
age down,  the  thyro^arytenoid  and  thyro-hyoid  carry  it  back ;  the  for- 
mer tltereforo  stretch  the  corda,  and  tlie  latter  relax  them.  The  opening 
of  the  glottis  is  likewise  determined  by  other  muaclesr  the  posterior  cri- 
LO-ar^iienoid  dilating  it,  and  the  lateral  crico-arytenoid  and  the  transverse- 
arj-tenoid  closing  it. 

^7^.  181,  p.  354,  ia  the  larj-nx,  Been  m  profile:  a,  a,  half  of  the  hyoid 
bone;  A,  thyroid  cartilage,  cut;  e,  thyro-hyoid  raemhranc ;  d,  cricoid 
cartilage ;  e,  lOsichea. ;  /,  oesophagus ;  ^,  epiglottis  ;  A,  great  horn  of  tlie 
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F'g.  !9i._  thyroid  cartilage,  united  to,  z,  tlie  great  horn  of  the  oa  hy- 
oides  by,  k^  the  lateral  thjTO-hyoid  ligament ;  /,  tliyro-hyoid 
raembrnne,  traversed  by  tlie  superioT  laryngeal  nen-e;  t«, 
posterior  crico-atytenoid  raiiscle ;  n,  lateral  cric€»-arytenoid ; 
1,  inferior  IsryrgMl  nerve;  2,  posterior  erico  -  arytenoid 
twiga  ;  3,  lateral  crico-arytenoid  twigs ;  4,  thyiE^-arytenoid 
twigs;  0,  arytenoid  twig. 

^7y,  182  is  the  posterior  view  of  the  lar- 
i'™iii....ii..rjni.  ynx:  a,  base  of  the  tongue;  i,  posterior  bor- 
der of  the  thyroid  cartilage  ;  c^  c^  thyroid  body;  d,  pos- 
terior cricO-ar>'*^"<'^'i  mnacle;  e,  arytenoid  muscle;  1,  I, 
auperior  laryngeai,  traveri?iiig  the  superior  thyro-hyoid 
membrane,  and  giving  off  liiigual  and  epiglottic  branches, 
and  otliers  to  the  mucous  membrane  covering  the  poste- 
rior face  of  tlie  larynx  ;  2,  twig  for  the  an'tenoid  mnscie; 
3^  anaalomotic  of  Oalien ;  4,  inferior  laryngeal ;  5,  tra- 
cheal branches;  6,  twig  for  the  poatcrior  crico-arytenoid 
muscle ;  7,  twig  for  the  arytenoid  muscle ;  8,  branch  for  the  lateral  crioo- 
arytenoid  and  posterior  crico-arytenoid  nmacles. 

The  researches  of  Miiller  fnmish  the  beat  account  we  possess  of  the 
MaUor'sei-  action  of  the  voeal  organs,  He  hits  shown  that  the  laryni 
Ih'aciio"  ofthe  '^  ^sentiaily  a  reed  inatniment  with  &  double  membranous 
voMlursans,  ton^ie.  Thut  the  rima  glottidia  ia  the  seat  of  the  origin  of 
the  sound  is  proved  by  the  fact  that  when  an  aperture  exists  in  the  tra- 
chea below  the  glottis  the  voice  disappeara,  but  if  above  the  glottis  there 
is  no  effect  Magcndie  records  the  case  of  a  man  who  had  a  tiMulou^ 
opening  in  his  trachea,  and  who  could  not  speak  unless  he  closed  it  or 
wore  a  tight  cravat.  Moreover,  the  human  or  anim:d  larynx  can  be  mode 
to  prcirlnce  its  characteristic  aound-s  with  more  or  leas  distinctness,  after  it 
haa  liecn  removed  from  the  body,  by  directing  a  current  of  air  through 
the  tradiea.  Cases  have  oeeurred  which  liave  aflbrded  the  opjwrtunity 
of  observing  the  condition  of  the  glotria  wliilc  emitting  sounds.  The 
vocal  cords  arc  brought  into  parallelism  with  one  another,  and  separated 
by  an  interval  of  scarcely  more  than  from  the  j^  to  the  -j-L.  of  an  inch ; 
but  when  the  air  jw  moving  in  and  out  sileully,  the  fissure  assumes  a  di- 
vergent or  triangular  form. 

Professor  JEiiller  gives  the  following  account  of  the  mode  of  prodao- 
tion  of  the  notes  of  the  natural  voice.  "  The  ^  ocal  ligaments  vibrate  in 
their  entire  length,  and  nith  them  the  surrounding  membranes  and  the 
tfiyro-arytcnoid  muscles.  For  the  deepest  notes,  the  vocal  ligaments  are 
mneh  relaxed  by  the  approximation  of  the  thyroid  to  the  arytenoid  car- 
tilages. The  lips  of  the  glottis  aie,  in  this  state  of  the  larynx,  not  only 
quite  devoid  of  tension ;  they  are,  when  at  rest,  even  wrinkled  and  pH- 
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cated,  but  they  become  stretched  by  the  ciurenC  of  air,  and  thna  acquire 
the  degree  of  tehaion  necesanry  for  vibration.  From  the  deepest  note 
thus  produced,  (he  vocal  sounds  may  be  raised  about  an  octave  by  al- 
lowing the  vocal  cords  to  have  a  slight  degree  of  tension,  which  the  elas- 
tic crico-lh^Toid  ligament  can  give  them  by  (Rawing  the  thyroid  cartilage 
roward  the  cricoid.  The  medium  state,  in  whioh  llie  cords  are  neither 
relaxed  and  wrinkled  nor  stretched,  is  tiie  conditioTi  for  the  middle  notes 
of  the  natural  register,  those  which  are  moat  easily  produced.  The  or- 
dinary tones  of  the  voice  in  speaking  are  intermediate  between  these  and 
the  deep  bass  notes.  T]ie  higher  note.*!  are  produced  and  the  correspond- 
ing falsetto  notes  avoided  by  the  lateral  compression  of  the  vocal  cords, 
and  by  the  narrowing  of  the  space  beneath  thorn  by  means  of  the  thyro- 
arytenoid muscles,  and  farther  by  increasing  the  force  of  tlie  current  of 
air;  the  muscular  tension  given  to  the  lipa  of  the  glottis  by  the  nniacles 
above  mentioned  must  also  be  taken  into  account,  as  contributing  to  the 
prodaction  of  the  notes  of  the  natural  register." 

An  aftiticial  larynx,  constructed  in  such  a  way  ag  to  represent  more 
or  less  perfectly  the  preceding  conditions,  will  give  rise  to  ArtifltUiii- 
aounds  analogous  to  those  of  the  human  larj'ux.     Such  have  'y^ 
been  made  of  leather,  and,  better  still,  of  caoutchouc. 

The  narrower  the  glottis  is  made,  and  the  more  tightly  tbe  cords  are 
strained,  tlie  more  rapidly  they  will  vibrate,  and  the  higher  will  be  the 
musical  note  emitted.  In  an  individual  the  range  of  the  R^jiationAofilie 
voice  is  rarely  three  octaves,  but  the  male  and  lemale  voice,  larjm  id  eiag- 
taken  together,  may  be  considered  as  reaching  to  four,  i  ien-  '°^'' 
erally.  the  lowest  I'emaie  note  is  about  an  octave  higher  than  the  lowest 
male,  a  similar  remark  applying  to  their  highest  nr>tes  respectively. 
They  ditfer  also  intrinsically  from  e-acli  otiier,  just  as  different  wind  in- 
atmments  sounding  the  same  note  give  it  of  a  ditFerent  quality.  More- 
over, in  each  sex  tlicro  are  different  voicea  :  in  the  male,  tlie  base  and  the 
tenor ;  in  the  female,  the  contralto  and  soprnno.  The  base  usually  reach- 
es lower  notes  than  the  tenor,  and  the  tenor  higher  tlian  the  Iwise ;  the 
contralto  reaches  usually  lower  notes  than  the  soprano,  and  the  soprano 
higher  ones  than  the  contralto,  tbougli  these  ilistinctions  are  by  no  means 
uniform.  There  are,  again,  intermediate  complications:  thus  the  bary- 
tone intervenes  between  the  buae  and  the  tenor,  and  the  mezzo  soprano 
between  the  contralto  and  soprano.  The  chief  reason  for  the  difference 
between  the  vnice  in  the  sexes  is  in  the  difFerence  of  the  length  of  their 
vocal  cords,  whicli  are  in  men  and  women  respcclively  in  the  proportion 
of  three  to  two ;  but  besides  tlua^  those  personal  peculiarities  wliich  we 
80  readily  recognize  in  the  voices  of  individual  are  due  to  dittcrcncea  In 
the  structure  of  the  tissues  forming  the  vocal  mechanism,  or  peculiarities 
in  the  size  and  condition  of  the  resonant  cavities.     Frequently  the  same 
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IndiTidual  is  capable  of  smgiog  in  two  differeDt  voices,  known  as  cheat 
notes  and  falsetto  notes.  The  chest  notes  are  prodaced  hy  the  ordinary 
mode  of  vibralion :  the  falsetto  notes,  whicJi  are  purer  or  more  flotj',  are 
oonaidered  to  he  probably  due  to  vibrations  of  the  liamionic  subdivistone 
of  the  column  of  air  in  the  trachea,  or  to  vibrations  oT  the  inner  borders 
of  the  %ocal  cords. 

^Miile  thu»  song  t»  Ur^'ngeal,  speech  which  ia  a  modilication  thereof, 
Spemkinx  lui-  **  *"^'  '^^  produced  by  the  mouth.  Alan  is  not  aJoue  endow- 
nubudnu-  ed  with  the  facility  of  uttering  articulate  sounds:  there  are 
BCTeral  other  animals  whicli,  by  education,  may  be  taught  to 
express  them.  Ingenious  mecUanics  liave  also  repeatedly  invented  in- 
Btniments,  the  construction  of  wliich,  being  upon  the  sante  principle  as 
that  of  the  vocal  organs,  has  combined  the  soQuds  of  letters  into  words, 
and  even  into  sentences,  a  convinciog  proof  not  only  of  the  mechanical 
nature  of  articulate  sounds,  but  also  of  the  perfect  maimer  iu  n'hieh  the 
natural  meclianism  is  understood.  Animals  n'hich  have  been  taught  to 
i^peak  may  also  be  regarded  as  automata,  for  they  have  no  coiiiprelien- 
sion  of  what  it  is  they  are  uttering,  and  never  produce  articulate  com- 
binations spontaneously,  but  only  as  the  result  of  instruction. 

Like  the  automata  just  alluded  to,  the  human  voice  expresses  words 
W(ml*cnT?in»io  ^J  coinbtning  their  constituent  lettcra  together.  Gramma- 
by  combiaiiig  rians  divide  letters  into  two  groups,  vowels  and  consonants, 
defining  tlie  vowel  as  a  sound  that  can  be  uttered  by  ilselti 
the  consonant  taking  its  name  from  the  fact  that  it  can  only  be  uttered 
consonantly  with  a  vowel.  By  personal  experiment,  it  may  be  easily 
proved  that  the  vowel  is  a  continuous  sound,  which  may  be  kept  up  just 
as  long  as  the  breath  will  enable,  and,  on  examining  the  position  of  the 
CMMamuta  tonguc  and  other  movable  portions  of  the  mouth,  the  particular 
avdvoircb.  arrangement  necessary  fur  pronouncing  the  letters  a,  e,  i,  o,  w, 
or  the  sist^D  or  eighteen  vowel  sounds  of  the  Continental  languages,  will 
be  detected.  It  will  be  found  that  the  determining  condition  is,  for  tJie 
most  part,  the  peculiar  modification  of  the  oral  apertures.  It  will  also 
be  discovered  that  articulation  is  wholly  independent  of  the  larynx,  since 
merely  by  expelling  the  air  through  the  mouth,  without  permitting  any 
larj-ngeal  BOund  to  be  formed,  all  the  letters  may  be  articulateil  in  a  whifl- 
per.  M.  Dcleau  has  illuBtrated  this  fact  in  au  ingcnioQfl  way  by  put- 
ting an  India-rubber  tube  through  the  nostril,  so  as  to  reach  the  poste- 
rior portion  of  the  mouth,  and  causing  another  individual  to  blow  gently 
tlirough  it ;  while  the  organs  of  the  mouth  are  silently  thrown  into  those 
Nuiin  of  whii-  positions  necesaary  for  the  utterance  of  any  particular  sound, 
'*'*'£■  that  articulate  sound  will  at  once  appear  in  whi-^pers ;  but 

if,  while  this  ia  being  done,  'he  larvnx  is  j^ionnitted  to  yield  a  sound,  two 
voices  then  are  beard,  one  in  audible  speech  ,"uid  one  in  a  whiapcr,  the 
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former  belonging  to  the  individual  who  is  making  the  experiment,  and 
the  other  arising  from  the  air  which  his  companion  ia  blowing  into  the 
tube.  There  is  no  kind  of  ditlicalty  in  constructing  a  strnple  kind  of  iii- 
stninient  from  which  the  sounds  of  the  vowels  can  be  produced  by  gen- 
tly blowing  air  into  it. 

The  coHRonanta  are  of  two  kinds,  the  exploaive  and  continuous.  The 
tbrmer  arise  from  an  abrupt  and  momentary  action,  and  dia-  ^,1,1^^1^,^  .^j 
appear  at  once ;  as  examples  of  these,  the  letters  h,  tl,p,  in  continuous  cor- 
whicli  it  may  be  remarked  that  the  diaracteristic  of  the  ^^"'^  ' 
sound  disappears  in  an  instant  1  hence  the  term  explosive;  and  if  any 
attempt  be  made  to  continue  it,  it  issues  in  the  utterance  of  the  vowel  e  ; 
but  in  the  continuous  consonants  this  does  not  lake  place,  as  in  tlio  lel- 
tera  n.,f,  s.  In  the  case  of  the  consonants,  aa  in  that  of  tlie  vowels,  the 
peculiar  arrangernent  of  the  parts  of  the  month,  though  difficult  to  de- 
scribe, may  be  readily  ascertained  by  personal  exjoeriment 

Of  vocaJ  sounds  thus  originating,  it  may  be  remarked,  that  in  the  low- 
er tribea  of  animals,  their  chief  use  seems  to  have  reference  to  ^.^  ^^.^^^ 
the  perpetuation  of  the  race.  Even  in  the  highest,  the  changes  voice  of  ani- 
of  the  reproductive  and  vocal  organs  often  occur  contempora-  ""  " 
neously;  but,  though  this  may  be  true  of  mere  sonnds,  the  modulated 
variationa  thereof  liave  a  far  more  general  use.  Of  languages  it  may  bo 
said  that  they  are  the  creation  of  groups  or  nations  of  men,  not  of  indi- 
viduals, and  hence  they  reach  beyond  the  compa&s  of  indi-  onanguiges : 
vidual  life,  in  some  instances  having  endured  for  thousands  t*"'  duroiion. 
of  years.  Moreover,  if  critically  considered,  each  often  contains  the  his- 
tory of  the  race  by  which  it  is  spoken,  and  even  manifcBts  the  broader 
features  of  its  character;  bo  our  o^vn  tongue  contains  the  indications  of 
the  t\vo  chief  political  events  whicii  have  befallen  the  English  nation,  at 
least  90  far  as  foreign  relations  are  concerned — t!ie  conquest  of  Britain  by 
the  Romans,  and,  a  thousand  years  after,  by  the  French-  In  conse- 
quence of  the  first  of  these  events,  the  language  became,  so  far  as  com- 
TDOn  e^tpressions  are  concerned,  almost  bi-lingual.  Such  simple  illustra- 
tiona  as  the.  words  God,  deity ;  fatherly,  paternal ;  motherly,  maternal ; 
heavenly,  celestial :  eartldy,  terrestrial;  hellish,  infernal ;  womaidy,  fem- 
inine, may  sen^'c  aa  examples ;  and  we  can  scarcely  fail  to  remark  how 
often  the  Latin  expression  ia  used  adjectively  and  the  Saxon  for  the  aul>- 
atantivea,  justifying  the  statement  which  we  have  made  tliat  national 
language  will  often  betray  the  features  of  a  mce,  the  obstinate  slubbom- 
nefls  of  the  English  character  being  msnitested  in  this  retention  of  the 
nouns,  and  the  Roman  conquest  shadowed  forth  in  the  qualifying  ad- 
jectives. 

Nay,  even  more  than  this,  from  the  structure  of  a  language,  collated 
with  the  history  of  the  people  by  which  it  is  spoken,  we  can  often  judge 
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CminMiion  at  of  the  influence  of  events  more  perfectly  than  in  any  oUier 
UnguagK  *iih  ^ay ;  BO  in  the  two  inatancea  wlii«h  we  are  referring  fo  as 
tariiicsBiid  iUostrations  of  these  remarks,  the  French  conquost  did  not 
hifttori-.  make  that  deep  and  abiding  irapreaaion  which  the  Homan  one 

had  done.  A  tliousand  years  had  elapsed  betiveen  the  invasion  oi'Cp-'sar 
and  tliat  of  William  of  Normandy,  eight  hundred  only  from  tlic  latter 
event  to  our  times,  yet  the  intJuence  of  the  masculine  and  civilizing  Ro- 
man lias  reached  through  that  long  interval,  has  made  the  deej^est  im- 
pression in  the  national  character,  and  is  manifested  in  almost  one  lialf 
of  tho  aenteiices  that  we  utter. 

Connected  with  articulate  speech,  it  may  not  be  out  of  place  to  allude 
Registry  of  briefly  to  those  great  advances,  which  have  been  made  by  the 
MBiiilslywrit-  genius  of  man  in  the  permanent  record  or  registering  by 
ing.  written  signs  t  and  as  sounds  are  of  two  kinds,  raudical  and 

articulate,  so  we  have  tivo  distinct  methods  of  writing  ;  and  this,  leaving 
oat  aJl  the  earlier  and  more  imperfect  forms,  a  method  for  music  and  one 
for  speech.  Of  the  former,  it  is  ecarcely  necessary  to  remark  tliat  it  is 
universal ;  the  combination  of  soiindia  designed  to  be  conveyed  is  com- 
prehended at  once  by  men  of  every  nation  ;  hut  in  the  writing  for  speech^ 
various  inetliods  have  been  employed  at  diiferent  times  and  by  different 
„.  nations,  from  mere  picture  WTiling,  each  sign  of  which  called 

o<js  of  psprw*-  forth  in  different  languages  different  sounds,  through  the  lii- 
ing  iftDguagc.  gj-Qgiypiiiy  ap(j  Chineee  methods  up  to  that  most  splendid 
invention  of  later  ag^s,  alphabetic  writing,  the  princijile  of  which  is  ah^ 
aolutely  perfei;!,  litiwiuse  it  is  natural,  l>eing  to  decompose  each  word  into 
each  constituent  vowel  or  consonant  sound  which  it  contains,  and  to 
write  a  mark  or  letter  representing  each  of  those  aounds.  Though  many 
circum stances  have  contributed  to  the  advancement  of  the  human  race,  it 
can  not  be  doubted  that  this  invention  has  exceeded  all  others  in  ]K)wer, 
and  tliat  alphabetic  writing  has  been  the  great  instrument  of  civilization. 
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CHAPTER  XIX. 


OF  EEARIKG. 

7Tk  Sfiif-* !   Gfn/^ral  JltmarLti  upnn. — Fivr  Orifans  af.Seuse. — iWnwMiVy  of  AjipetfOiia  for  (ht 

Appnrialitm  nf  Tiiilf,  Sjiarr,  I'reK-nirr,  TfirilitrriiUirr,  ami  i,%e»ural  (Ji^nfllifs. 
Of  llrfiriaif. — GeHcriiJ  StrurJ-rv  af'thr  ifr'jtm  nj  IJrftrini/.—~I'hyMriil  I'rraliiu'itiet  qf  Sairndt,  la- 

Imnly,  Tn'K  <^  i'ifiriiliiw,  I'tui  Hutffit^.~'f7ie  Tgiripitniim,  Caclileaf  imd  Sctuititatliit  Gmo^i 

are  J'fir  lh<  Apprfj-iitlioii  nJ't/H'Kf.  jir':atiantits. 
5ln«'ii"'S  "i"'^  Fuiirfeaha  <\f  tbt  T^mfMmiim,  or  Affjtimfemmt  iifliiUtiKiy. 
StntKtiiir  itft/ie  Chfhiva,iu  Spiral  JMniina  (Wef  Snrlifi. — Measwfa  thf  Time  e/  VHiration. — Ac- 

comfilinhiHf-nf  of  Irilrrj'trfTicr  in  the  Seitlii, —  Comjmrittirt  Anjtiuma  c/  lf'«  Covhiea, 
SlrvtWre  <•/ ihe  Se.mirircvhr  Ctfoh. —  Tf<t^  rttimnie  thf  (Jm-iUiii  iif  f^.mnds. 
OOraparatire  Anaimng  ofthr  Aidlivry  Mtcfianism, — /ta  J^oi/rtM  in  iJtvekptNeiiL — ImptrfKlxm 

of  the  iMKtrlne  of'  Mnait  (tnii  Enih. 

OF  THE  SENSES. 

The  organs  and  functions  ■wliicli  have  tliua  far  been  described  have 
reference,  for  the  moat  part,  to  the  conservation  of  tlie  indi-  Function  of 
vidual  being,  maintaining  ila  structure  unimpaired,  notwith-  ^^'^  •Mscf*. 
standing  the  waste  it  is  peqwtuaily  undergoing,  or  conducting  its  devel- 
opmfHt.  We  now  enter  on  tlie  consideration  of  a  totally  distinct  ap- 
paratus, tlie  object  of  which  is  to  put  the  individual  in  relation  with  ex- 
ternal nature,  and  to  which,  tlicrefoic,  the  designation  of  mechanism  of 
external  relation  may  be  approiJriately  given. 

f^or  the  sentient  being  in  its  highest  development,  means  must  be  pro- 
vided for  the  perception  of  time,  space,  force,  and  quality.  Fiveorgnw 
Tliia  is  accomplislied  by  what  are  termed  the  organs  of  sense.  "^  s™"- 
Thej  are  five  in  number-.  Ist.  Tbc  organ  of  bearing;  2d.  That  of  see- 
ing; 3d.  That  of  touching ;  4t]i.  That  of  smelling;  i>th.  That  of  taaling. 
In  the  further  description  of  the  senses,  it  will  be  found  that  the  ear  ii^ 
the  organ  of  time ;  the  eye  that  of  space ;  tlie  tactile  apparatus  is  for  the 
jjerccption  offeree  ;  and  that  the  mechanism  for  Bmclling  and  tasting  con- 
jointly determine  the  chcmiiC^d  qualities  of  hochea ;  tliat  of  smelling  ad- 
dressing itself  to  substances  which  are  in  the  vaporous  and  gaseous  5.tate ; 
und  that  of  tasting,  to  such  as  are  liquid  or  dissolved  in  water. 

We  shall  pm-BUe  the  description  of  the  aenscB  in  the  order  in  which 
they  hAve  been  juet  enumerated,  premising  of  them  respect-  Th<  cat  ia  th« 
ively  that,  the  function  of  hearing  being  the  reception  of  the  °^s^  °^  '""■■ 
succession  cf  soiuids,  periods  of  silence,  musical  notes,  and  their  modu- 
lations, together  with  the  peculiarities  of  articulate  B()cech.  things  which 
are  idl  inherently  and  eaaentially  connected  with  the  lapse  of  time,  the 
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The  CTO  is  Lhe  GM  IB  in  a  pIiilD30pIitcal  sense  the  lime  organ ;  that,  the  fiiin> 
orffin  of  ip««!.  |i(jj^  Qf  ^ijg  ^y^  being  the  estimation  ot'  extetit$,  the  posUiofl 
of  objects,  their  sizes  and  apparent  distances,  this  apparatus  ts,  in  reality, 
the  space  organ,  ita  indications  in  this  parlicidar  ]jeing  rendered  more 
perspicuou:^  and  more  intense  by  its  equality  of  being  aflected  by  raria- 
tiona  of  color;  thnt  as  the  tactile  mechanism  ia  aflected  by  extraneous 
„  .  .  J.  forces,  such  as  prespurea,  estimating  their  degree  of  power,  and 
priMuiiriL-  and  being  likewise  influenced  by  tilings  which  are  at  s  dietanoe, 
wmpurature.  ^j^^  teniperAturcs  of  wliich  are  difterent  fvora  the  standard 
which  it  observes,  but  not  by  electricnl,  magnetic,  or  luminous  agcncil^5. 
we  may  infer  that  its  functions  are  limited  to  a  relation  with  mechanical 
Smell anJ  ta»ta  powers,  strictly  speaking,  and  to  heat ;  (hat  smell  and  taste, 
ibr  cLemieai  though  Conveniently  treated  of  as  separate  functions,  de- 
e»  niml  liiiuid*  pendent  on  Bcparate  organs,  are,  in  reality,  nlne<l  m  the  de- 
respettivdy.  termination  of  the  chemical  peculiarities  of  bodies,  and  re- 
spectively adapted  to  the  appreciation  of  those  peculiarities,  according  as 
the  subatance  presented  may  have  the  gaseous  or  liquid  form. 

OF  HEiVEING. 

The  organ  of  hearing  ia  composed  of  three  parts,  the  external  ear,  tie 
tym|janic  cavity  or  tympanum,  and  the  labyrinth. 

The  extemaE  ear  consists  of,  1st.  The  pinna,  -which  is  for  the  purpose 
Ofiheexier-  of  Collecting  soniferous  waves,  and  directing  them  into,  2d. 
aa\  CW-  The  meatus  auditorina  or  auditory  canal,  a  tube  abont  an  inch 
long,  and  extending  lo  the  tynipanum.  It  ia  not  ptrfectly  cylindricfll, 
its  vertical  diameter  being  the  greatest,  and  it  is  curved  SO  as  to  be  con- 
cave downward.  The  Interior  is  proteete;d  by  haira,  and  by  a  waxy  ae- 
cretion  of  the  ceniminoua  glands. 

The  tympanum,  tympanic  cavity,  or  middle  ear,  ia  within  the  petrous 
or(iiQt3-int>&>  bone.  It  ia  bounded  exteriorly  by  a  thin  oval  membrane, 
num.  the  nicmbran.T.  ti-mpani,  which  ia  placed  obliquely  arrows  the 

meatus,  at  an  angle  of  about  45  degrees,  its  outward  plane  looking  down- 
ward. Across  tho  tympanum  there  is  n.  chain  of  three  small  bones,  the 
mallcna  or  liammer,  the  incus  or  anvil,  and  the  stapes  or  stirrup.  The 
malleus  is  attached  by  its  handle  to  the  merabrana  tympani,  and  the 
stapes,  which  is  at  the  other  extreme  of  the  chain,  is  fastened  by  its  foot- 
plate to  the  membrane  of  the  fenestra  ovalls.  To  the  short  process  of 
the  malleus,  the  tendon  of  the  tensor  tympani  is  attached,  and  to  the  neck 
of  the  stapes  the  stapedius.  Besides  these,  other  muaclcs  of  the  tympa- 
nic cavity  may  be  doubtfully  mentioned,  as  the  external  muscle  or  laxa- 
tor  tympani,  and  the  laxator  tympani  minor.  Into  the  tymjmnic  cavity 
there  are  ten  openings,  of  which  the  more  important  one?  arc,  1st.  That  of 
Uw  meatus  aaditorius ;  2d.  The  I'eneatni.  ovalis,  which  is  of  tm  elliptic 
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shape  ami  opposite  t}ie  preceding,  the  foot-plate  of  the  stapes,  as  lias  Iweii 
said,  being  placed  upon  it ;  it  is  al&o  Bomctiines  called  fencstni  vestibiili ; 
3d»  Feneatrji  rotUTida,  which  ia  below  the  preceding,  and  separat«d  ixom 
it  by  the  promontory.  From  tlic  circHinstance  that  it  loads  from  the 
tympanum  to  the  cochlea,  it  is  also  called  fenestra  cochlejc:  like  tlie  pre- 
ceding, it  is  closed  by  a  donble  iiicinbrane ;  4tli.  The  Eustachian  tube, 
which  extends  trom  the  anterior  of  the  tvmpannm  to  the  pharyrx ;  and, 
5th.  The  mastoid  cclU,  The  smaller  o^'cninge  are  for  tlio  passage  of  va- 
riona  nerves  and  muscles. 

The  labyrinth,  called  likewise  the  internal  ear,  consists  of  three  parts, 
the  vestibule,  the  semicircular  canals,  and  the  cochlea. 

The  vestibule  has  three  comers,  an  anterior,  a  superior,  and  a  poste- 
rior, termed  its  ventricles.  There  open  into  it  the  fcncfllra  ofihoUhy- 
ovali3,  the  awiliivestibuli.  and  the  five  openings  of  the  tlirco  sera-  ■''""'■ 
icircular  canals.  Eeaidcs  these  there  arc  fiome  smatler  ones,  as  the  aque- 
duct of  (he  ■vestibule,  and  foramina  for  small  arteries,  and  for  tlie  branch- 
es of  tlie  auditory  nerve.  The  scinicirculoi  canals  &re  three  bony  semi- 
circles opening  into  the  vestibule :  upon  one  of  the  branches  of  each  there 
is  &  dilatation,  the  ampulhi.  The  three  canals  are  respectively  placed  in 
planes  at  right  angles  to  each  other.  The  cochlea  is  a  spiral  bony  canal 
raised  njion  a  central  axis,  the  modiolus :  its  interior  is  divided  into  two 
passages  or  scala?  by  the  lamina  spiralis.  These  comnnmicatc  at  tlie 
aixtx  of  the  cochlea  through  a  small  aperture,  their  other  extremities 
opening  ditftrently;  the  acala  veetibuli  into  the  anterior  ventricle  of  the 
vestibule,  and  the  scala  tympani  tlurough  the  fenestra  rotunda  into  the 
tympanum.  TJio  labyrinth  contains  interiorly  a  membrane,  the  mem- 
branous labyrinth.  Between  the  merabranoua  labyrinth  and  the  bony, 
a  liquid,  the  perilymph,  intervenes ;  the  menibranoua  labyrintli  being 
also  tilled  with  liquid,  the  endolymph.  There  ia  no  perilymph  in  the 
cochlea. 

Of  the  tliree  portions  of  the  ear,  the  external  canal  is,  of  course,  foil 
of  air,  as  is  also  the  tympatiic  cavity  or  dnjra  ;  but  the  labyrinth,  as  we 
liavc.  seen,  is  tilled  with  a  liquitl,  and  in  this  tJie  terminal  filaments  of 
the  auditory  nerve  are  placed. 

The  es&ential  part  of  the  mechanism  of  hearing  is  the  auditory  nerve, 
wiiich  arises  from  the  anterior  wall  of  the  fourth  ventricle,  ofihciudi- 
iand  then,  joining  the  facial,  pasises  forward  upon  the  cms  cer-  wrrnMrc 
ebclli ;  reaching  the  meatus,  it  divides  into  two  portions,  the  corhlear  and 
vestibular  nerves,  which  subdivide  again,  and  are  distributed  to  the  ves- 
tibule and  cochlea  respectively  in  the  manner  hereafter  explained, 
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^i^,  183:  a,  a,  pavilion  and  external  auditory  canal,  or  external  ear: 


flKMRStsB  or  tse 


,wi44i*,i 


<VIIMHIII    Md  iteOMB 

*wt[r—l  nr rfjL  In ipLJ  "-  r*-.:  ■ 
^^^i«^^^^     ^^^^n^B^  ^^P^^^^H     ^^      BBW 

tobe.  Bud  beninig  wA  &  li^  i 
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^exUtnal  vraede  of  limiaMj;  ^  Ulte- 
rior fuif  of  ntemfaivnA  trmpaBi,  beUing 
t^  luiKile  of  ibe  ImniiiKT;  A,i«be  «f 

EtuUcUins;  i,  intemal  ear  or  laliTTintL 
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Tniruiic  CArrrr,  m  bosks,  mcicixs,  .un*  kxstxb. 

J^iff.  1 K4 ;  £f,  liBiiiiner,  holding,  hy  the  sntenor  and  Bnperiiv  part  of  he 

lunidle^  and  by  he  rotrnd  extremity^  A^  tiie 
nieRibran&  tympani ;  c,  internal  mnscle  of 
iiamincr:  </,  plirrup  upon  fenestra  oralia ; 
«,  muBcle  of  slirriip;  1,  faci^  nenT,  cfim- 
inuiiicating  with,  2,  great  snperficial  p©- 
(roHal.  and,  3,  little  &aperficial  petrosal; 
4,  chorda  tjmpani ;  6,  5,  nervous  Iwig  of 
internal  nmacle  of  hammer,  ariBing  from 
itiolor  |K)rtioii  of  tiflli  piiir,  artel  traversing  olic  ganglion  ;  6,  iiejToas  twig, 
arijiing  from  i'acinl  and  going  to  niuflclc  of  atirnip ;  7,  ganglion  of  Gasser. 

DIAUHAM  •mmiMu  Tarn  vtcuL  a  thb  aquxdoct  or  rALLOpnia  akd  rra  ^urA.sTi:iiiosM. 

J''it;A$ti'.   1,  facifd;  2,  nerve  of  Wrisbcfg ;  3,  petrosal  twig  of  vidian 

j»*,.  isB,  nerve;   4,  ganglion  of  Jieckel;  5,  little 

iretroiaal  of  Longet ;  6,  twig  of  nmscte  of 

stirrup;  7,  auricular  twig  of  Arnold;  8, 

chorda  tyinjwiiiii  cut ;  i),  ganglion  of  An- 

dcrsch  ;    liK  nerve  of  Jucobaon,  divided 

into  flii  twigs,  viz.,  II,  twig  anastomos- 

hig    willi,  12,  carotid    plexus,  13.  twig 

nnastomostng  with  grcxit  supcrtlcial  pe- 

rwi.1  In  ihr  uiu*4u<^i  oi  FiiiopiuA        trosal  (little  Jeep  petrosal  of  Arnold).  14, 

ht(li5  KU|K'rtit'iiil  of  Arnold,  uniting  with  little  pplrosal  of  Longet  to  form 

1'),  jt  ('"iiuniiun  Irmik,  wliicli  goes  lo  Uk  otic  ganglion;  17,  tTrig  of  fene»- 

tru  rotuiuU ;   IS  twig  of  fenestra  ovnjis  ;   10.  twig  of  tube  of  Eustocbiua. 

Till'  expkntttioti  nnuftllv  given  of  the  functions  of  these  various  |«rts 

ronmiiin  111-     i*  a*  folhiwx  :  The  waves  of  sound,  moving  through  the  ai- 

Ci"!.' «Mh'  ii'osphero.  [VIM  down  the  exterior  canal  and  strike  upon  the 

ktHiiuM^  f4tu.  uieuilirtine  oi'  the  ilnim,  which  is  tlirovm  into  vibration  ihitrv- 
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by.  Tlie  little  bones  -whicli  forni  ji  chain  from  this  membrane  to  the  oval 
one  at  the  back,  of  tlie  drum  participate  in  thia  movement,  and,  indeed, 
serve  to  convey  it,  without  much  loss,  across  the  cavity.  It  is  consider- 
ed that  this  is  ihcii  function,  since  it  may  be  proved  experimEntallj  that 
wave  sounds  going  through  such  a  solid  coinbtnation,  aurrounded  by  at- 
mospheric ail",  pass  with  but  very  little  loss  of  intensity.  Under  the  ira- 
pulitcs  thus  communicated  to  it,  the  oval  membrane  commences  to  vi- 
brate, and  in  ihoae  raovementa  the  water  in  the  labyriRth  joins;  and  so 
the  fiiamcnta  of  tiie  auditory  nerve  become  affected,  and  the  sensation  of 
aonnd  is  transniittcd  to  the  brain.  It  is  supposed  that  the  three  eemi- 
circular  canals,  wliit-h  are  s«t  at  right  nngles  to  one  another,  as  it  were» 
occupying  the  tliree  adjoining  faces  of  a  cube,  are  for  the  purj)OSD  of  de- 
terminiiif^  in  what  direction  the  sound  13  coming — whetlier  upward,  down- 
ward+  or  laterally,  Moreover,  it  is  believed  that  tlie  little  imiscles  which 
operate  on  the  membrane  of  the  drum  have  the  duty  of  tiglitening  or 
slackening  it  so  as  to  receive  the  sounding  waves  in  the  most  available 
way. 

It  is  not  necessary  lo  enter  on  a  lengiiiy  criticism  of  thia  explanation. 
PJiyaioloffists  have  long  regretted  that  it  a&sijrna  no  use  for  ,. . .  . 
many  of  tlie  most  complicated  and  delicate  arrangements  con-  thUh^potho- 
iieeted  with  the  ear,  oft'era  no  explanation  of  the  manner  in  *'^' 
which  that  intricate  organ  is  cnahied  to  preRcnt  to  tlie  niind  the  variouB 
relations  of  sound,  and  is  inconsistent  with  many  of  tlie  facts  of  compar- 
ative anatomy.     Indeed,  it  is  vaxy  plain  tliat  a  true  interpretation  of  the 
action  of  the  diiferent  regions  and  structures  of  the  ear  can  only  he  given 
from  a  conjoint  study  of  tlie  physical  nature  and  properties  of  sounds,  of 
the  peculiarities  of  the  aonitcrous  waves  wliich  it  is  necessary  propcrmoiloof 
for  U3  to  perceive,  of  the  comparative  anatomy  of  the  ear  as  fliiLaining  a. 
]]resentcd  m  all  tnbes  or  lite  ;  and,  smce  there  must  be  a  cor-  Hitm  ^f  tfauu 
respondenee  antong  the  lower  tribes; — perhaps  we  might  have  *'i"'^'"'"«- 
said  the  higher  too — fjctween  the  organs  of  voice  and  the  oJ^ans  of  audi- 
tion, the  obscure  points  in  the  structure  of  the  latter  may  be  illustrated 
by  what  is  known  of  the  tbrmer.     To  these  might  be  added  the  study  of 
its  embryonic  development.     It  is  by  the  aid  of  these  different  means 
that  I  pass  to  the  description  of  the  function  of  audition. 

What,  then,  are  the  physical  peculiaritica  existing  in  the  waves  of 
sound  which  we  actually  perceive?  They  are  these  tlu'cc,  Thret.  hhvsicii 
1st,  The  intCnsitj-,  that  is,  loudness  or  feebleness  of  the  peculiarities ol 
BOund ;  2d,  Its  note  or  pilcli ;  3d.  Its  quality ;  for  tivo  sounds  ^'*^  ' 
of  the  same  intensity  and  note  may  differ  characteristically.  The  sound 
of  the  violin  diilers  from  that  of  the  flufe,  and  this,  again,  from  that  of 
the  human  voice.  Our  organ  of  audition  is  so  conetmcted  that  it  ia  af- 
fected by  each  of  these  peculiarities,  and  transmits  tliem  to  the  mind. 
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In  tluB  respect  we  may  speak  of  it  tks  a  perfect  organ ;  for  all  mathcmati- 
giana  who  have  written  on  the  subject  of  sound  agree  in  setting  forth  the 
three  pqculianties  tbat  have  heen  mentioned,  intensity,  note,  qoality,  as 
the  grand  features  of  waves  of  sound,  and  this  upon  a  tnete  abstract  dis- 
cussion of  acoustics.  How  these  three  essential,  abstract,  or  theoretical 
peculiarities  of  sound-Ti'aTes  are  the  very  tltree  which  the  organ  of  Iiear- 
ing  acizea  upon,  and  ao  we  are  justified  in  saying  that,  in  this  rcsjwct,  ii 
13  perfect  in  its  construction.  Premising  the  remark  that  mathemati- 
cians have  abundantly  proved  that  the  intensity  of  sounds  depends  upon 
thearaplitudeofcxoiTsion  of  the  vibrating  particles,  and  the  pitch  or  note 
upon  wave  length,  I  shall  no^v  proceed  to  offer  s.oiine  arguments  in  proof  of 
the  proposition  that  the  triple  function  of  the  ear  is  discharged  in  the  fol- 
Fonciionofiho  ^'^^^'"S  ^'^Y '•  l^t-  '^Uat  the  drum  is  for  the  measurement  of 
dram,  CTwhlefl,  intensity ;  2d.  The  cochlea  for  the  recognition  of  wave  length; 
an  cftQ  fl.  gj^  rpj^g  seraicirculaf  canals  for  the  appreciation  of  quality. 
I  shall  endeavor  to  ahow  that  the  ear  is  not  a  homogeneous  organ,  as  the 
older  hypothesis  supposed,  hut  thnt  one  or  other  of  these  instnunental 
parts  may  be  absent,  and  with  it  will  disappear  its  special  function,  forti- 
fying this  view  with  facts  presented  by  comparative  anatomy,  by  embry- 
onic development,  and  also  by  the  relations  of  the  voiee,  and  allowing 
the  parallel  between  the  structure  and  functions  of  the  ear,  the  organ  for 
normal  vibrations,  and  of  the  eye,  the  organ  for  transverse  ones ;  and  the 
analogy  and  the  identity  of  their  embryonic  development ;  that,  for  in- 
stance, the  drum  is  the  equivalent  of  the  iris,  and  the  cochlea  of  the  ret- 
ina and  its  adjacent  parts. 

1st.  On  the  measurement  of  the  intensity  of  sotmd,  stmcture  of  the 
tympanic  cavity  or  drum,  and  its  functions. 

The  tympanic  cavity  or  drum  of  the  ear,  as  we  h»ve  briefly  described, 
a  ,      is  an  air  canty  of  a  cylindroid  and  flattened  shape,  in  the 

the  drum  and  pctroua  portion  of  the  temporal  bone.  Outwardly  it  ia 
ta  uQctions.  bounded  by  the  membrana  tympani,  and  on  other  sides  by 
the  petrous  bone :  it  ia  croHsed  by  a  chain  of  bones,  three  in  number,  and 
named  the  malleus  or  hammer-bone,  the  incas  or  anvit,  and  the  stapes 
or  stirrup.  The  Eustaciitan  mlje  affords  a  channel  of  communication 
from  the  interior  of  the  drum  to  the  pharynx.  Moreover,  there  is  a  cora- 
mimication  with  the  mastoid  cells,  but  the  Eustachian  tube  is  tJie  only 
outlet  to  the  atmosphere.  The  \vhole  canty  of  the  tympanum  is  lined 
witii  mucous  membrane  and  ciliated  epithelium,  which  ia  also  reflected 
over  the  bony  chain.  Upon  the  inner  wall  of  tlic  tympanum  are  two 
chief  ajTertures,  tJie  fenestra  ovalia  and  the  fenestra  rotunda,  each  closed 
by  membrane.  Tlie  chain  of  bones  is  attached  at  one  end  by  the  handle 
of  the  malleus  to  the  membrana  tympani,  at  tlie  other  by  the  toot  of  the 
stirrup  to  the  raembrnne  of  the  fenestra  ovnlls. 
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It  is  to  1)Q  remarked  tlmt  the  mcmbrana  tympaiii  is  placed  obliqudy 
at  tlie  bottom  of  the  external  canal.  In  a  hollow  bony  cone,  Attion  of  tiie 
rising  upon  the  interior  waH  of  the  tyiiipanun^  and  Ciilled  the  |'ng"r7vTn- 
mTamid,  the  stapedius  muscle  is  placed.  Through  a  little  pani. 
aperture  at  the  apes  of  the  jjyramid  its  tendon  goes  out,  and  is  inserted 
in  the  neck  of  the  ata{>e9.  Its  action  seems  to  be  to  tinakc  pressure  on 
the  niembraiic  of  the  fenestra  ovalis,  but  aa  it  does  thie,  it  tilts  the  stapes 
into  an  oblique  position.  A  second  muscle,  the  tensou  t^Tiipani,  ia  at- 
tached in  front  to  the  under  surface  of  the  petrous  bone,  and  ia  inserted 
in  the  short  proeesg  of  the  mallcua ;  when  it  contracts  it  makes  tension 
upon  tlie  nienibnina  tympani,  drawing  it  more  tightly  inward.  It  ia  to 
be  especially  remarked  of  both  these  muscles  that  they  nre  voluntary; 
that  is,  of  the  striated  variety.  Two  other  muscles  are  described  by 
some  anatouiists,  and  have  been  indicated  in  J^i^-  183  and  1S4.  Their 
existence,  however,  is  disputed  by  others. 

In  the  opinion  of  llr.  Toynbee,  the  action  of  the  two  voluntary  mus- 
cles of  the  cjir  is  as  follows.  By  the  tensor  tympani  the  Mr.  Tornbce's 
base  of  the  stapes  is  pressed  hiward  toward  the  vestibule,  as  viewsoftiicat- 

.,,-,-,  ,  ,  'lion  o'  tDo  8t»- 

13  a  piston  m  its  cylinder,  and»  as  soon  as  the  muscle  ceases  pcdi«saodtBii- 

to  act,  the  elastic  ligaments  whicli  attach  tlie  circumference  si"'*j''iip«ii. 
of  the  base  of  the  stajies  to  that  of  the  fenestra  ovalis  draw  it  out  again. 
The  ptsipea  is-  moved  Iiy  two  niuscle-s,  the  tensor  tympani  and  the  stin>e- 
dius,  it  beuig  coeimoiily  supposed  tliat  the  latter  aids  the  former  in  press- 
ing the  stajies  iinvoTd,  but  he  shows  that  it  rotates  the  base  of  the  stapes 
and  withdraws  it  from  the  cavity  of  tiie  vestibule.  This  may  be  demon- 
strated by  pulling  the  stapedius,  when  the  fluid  in  the  scida  vestibuH 
will  be  found  to  movo  correspondingly.  He  therefore  asserts  that  the 
stapedius  is  the  antagonist  of  tiie  tenHor,  tlie  former  relaxing  the  laby- 
rinthine fluid,  membi-ana  rotunda,  and  mcmblana  tympani,  the  latter 
rendering  them  more"  tense.  Agreeably  to  this,  the  stapedius  is  -supplied 
from  the  portio  dura,  and  the  tensor  from  the  otic  ganglion,  Tliis  con- 
Hlrnction  might  lead  to  the  isuppoeition  that  the  tensor  aflbrda  protection 
from  loud  sounds,  and  the  stapedius  enables  the  most  delicate  whis|>er  to 
l>e  iicard,  as  in  listening.  Together  they  regulate  the  amount  of  sono- 
rous vibrations  which  enter  the  labyrintli.  Hence  the  effect  of  the  de- 
struction of  the  membrana  t^-mpani  is  to  make  soimda  imendurahle.  In 
confirmation  of  this  is  quoted  the  case  of  a  patient  who,  under  those  cit- 
cumstances,  could  not  benr  the  whistling  of  anothei  patient  ui  an  adjoin- 
ing bed,  and  the  observation  of  Cheselden  that  a  dog,  in  which  both 
membrane  tympani  had  been  destroyed,  for  some  time  received  strong 
Bounds  with  horror. 

We  shall  now  present  some  reasons  for  supposing  that  the  function 
of  the  tympanum  is  for  determining  the  tirst  property  of  sounding  waves, 
that  is.  their  intensity. 
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It  has  been  proved  by  the  experimenta  of  Savart  and  Miiller,  that 
Of  iiie  detonn*  when  the  tensioH  of  the  membrana  tynipani  is  increased,  bo~ 
iauionit  the  j,Qpou3  undulatioim  pass  with  less  readiness  tlirouffh  it.  In- 
niferoQB waves,  deed,  ttus  may  "be  vcrilied  by  pergonal  cspcrimcnt,  as  when, 
by  ft  strong  effort  of  espiration  or  inspiration,  the  mouth  and  nostrils  be- 
ing closed,  we  compress  air  into  the  tympanic  cavity  or  withdraw  it  there- 
from through  the  Eustachian  tube,  and  tliereby  stretch  the  raembrnn:i 
tynipani  outwardly  or  inwardly,  the  hearing  at  once  bocomes  indistinct, 
and  sounds  are  enfeebled.  The  same  cnsuea.  on  going  down  in  a  diving- 
bell,  or  suddenly  aaceiuling  in  a  balloon.  Of  the  former  effect,  Dr.  Col- 
Deaftiesftimho  ladon  gives  the  following  account  during  a  descent  in  a  div- 
diving-beU.  ing-bcU  at  Howth  ill  1820,  "We  descended,"  says  he, 
"80  slowly  tliat  wc  did  not  notice  the  motion  of  the  bell;  but  as  soon 
as  the  bell  was  immersed  in  water,  we  felt  about  the  ears  and  forehead  a 
serise  of  pressure,  whieh  continued  increasing  during  some  minutcfk  I  did 
not^  however,  experience  any  pain  in  the  ears,  but  my  companion  suffered 
BO  much  that  we  were  obliged  to  stop  our  descent  for  a  short  time.  To 
remedy  that  inconvenience,  the  workmen  instructed  ns,  after  having  closed 
our  noatrila  and  mouth,  to  endeavor  to  awflUow,  and  to  reatrain  otu  respi- 
ration for  some  moments,  in  order  that,  by  tiiis  exertion*  the  external  air 
might  act  on  the  Eustachian  tube.  My  companion,  however,  having  tried 
it*  found  himself  very  little  relieved  by  this  remedy.  After  some  minutes 
wc  resumed  our  descent.  My  triend  suffered  considerably:  he  waa  pale ; 
his  lips  were  totally  discolored ;  hia  appearance  was  thaf  of  a  man  on  the 
point  of  fainting ;  he  waa  in  involuntary  low  apirilg,  owing  pcrliaps  to  the 
violence  of  the  pain,  added  to  that  kind  of  apprehension  whicli  our  sitita- 
tton  unavoidably  inspired.  This  appeared  to  me  the  more  remarkable,  as 
my  case  was  totally  the  reverse.  I  was  in  a  state  of  excitement  resem- 
bling the  effect  of  some  spirituous  liquor.  I  suffered  no  pain.  I  expe- 
rienced only  a  strong  pressure  around  my  head,  as  if  an  iron  etrcle  had 
been  bound  about  it,  I  spoke  with  the  workmen,  and  had  some  diffi- 
culty it!  hearing  them.  Thia  difficidty  of  hearing  roae  to  such  a  height 
that  during  three  or  four  minutes  I  could  not  hear  them  speak*  I  could 
not,  indeed,  hear  myself  speak,  though  I  spoke  as  loudly  aa  posaibift, 
nor  did  evco  the  great  noise  caused  by  the  violence  of  the  current  againat 
the  sides  of  the  bell  reach  my  ears." 

Under  liatural  circumstances,  a  stretching  of  the  membrane  inwardly 
utioa  of  ihe  ^^  acconiplishcd  by  the  contraction  of  the  tensor  tympani  mus- 
mijectefli>ftb«  cle,  the  stapcdins  holding  light  contemporaneoualy  on  the 
lynipanuiu.  j^^^  of  the  Stirrup,  and  preventing  disturbance  of  position  of 
the  l>ony  chain  at  that  end,  and  hindering  any  outward  biJging  of  the 
membrane  of  the  feneslra  ovalig.  When,  therefore,  the  flonifcrous  waves 
impinge  upon  the  membrana  tympam,  they  tend  to  throw  it  into  vibra- 
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tion;  the  tenaor  tympani  contracts  to  sucli  an  extent  as  to  bring  the 
membrane  to  a  standard  of  tension,  and,  since  this  muscle  is  of  the  vol- 
untary kind,  the  mind  judges  oi'  the  degt^e  of  ibrce  which  is  required  to 
produce  tUat  result  just  as,  wlien  we  lift  from  the  ground  bodies  of  dil- 
ferent  weights,  we  judge  with  a  certain  preciHion  of  tho  degree  of  force 
necessary  to  Iw  put  fortli.  The  condition  of  contmction  of  the  tensor 
tympani  therefore  enables  the  mind  to  measure  Xhe  intensity  of  the  sound- 
ing wavea. 

lint  this  nnisctilar  contraction  is  strictly  a  reflex  act,  and  13  therefore 
preceded,  as  all  Buch  acts  are,  by  an  impression.  That  impression  is 
made,  as  we  aball  presently  find,  primarily  on  the  auditory  nerve.  But 
since  these  reflected  act.i!  are  not  aensorj',  the  mind  has  no  knowledge  of 
the  efl'ect  impressed  in  this  respect  upon  the  auditory  nerve,  and  only  be- 
comes i*ensiblo  of  it  in  an  indirect  way,  through  the  contractions  which 
have  ensued  in  the  tenajr  tympani  niirsfle. 

In  this  view  of  the  case,  the  use  of  the  Eustachian  tube  becomes  ob- 
vious; it  is  to  form  a  ready  passage  for  the  air  inwardly  or  uwoftheEiu- 
outwardly,  so  that  no  condensation  or  rarefaction  shall  occur  i***"^  '"!»■ 
within  the  tympanic  Cavity;  for  siicli  rarefactions  and  condensations 
would  Lllsturb  tuQ  action  0+  thij  contracting  muHcle,  and  make  it  yield  n 
false  estimate.  Besides  this,  the  Eustachian  tube,  aa  has  long  been 
known,  affords  an  outlet  for  muciiB. 

In  the  explanation  here  priiscnted,  the  ftinction  of  the  ossicles  is  ratlier 
for  the  purpose  of  tension  tlian  of  conduction,  though  it  is  runoionofilit 
not  denied  that  sounds  may  pass  readily  along  them.  They  f**'clo3. 
are  to  be  regarded  as  aiding  in  the  pcrtection  at'  auditory  perceptions,  but 
yet  not  as  being  absolutely  essential  to  the  appreeiation  of  sounds,  or 
even  of  their  finer  mo<hii cations.  W'hatever  aftecta  the  facility  of  vibra- 
tion of  the  membrana  tympani,  such  as  its  thickening,  or  stUfening,  or 
unusual  dryness,  will  render  the  hearing  dull,  but  the  membrane  itself 
may  be  perforated,  or  even  undergo  extensive  lesions,  without  any  appar- 
ently corresjjonding  ctlect.  But  if  tlie  stapes  be  injured  or  be  removed, 
deainess  is  at  once  the  result. 

There  is  nothing  Tcmarkable  in  the  precision  with  which  the  contrac- 
tions of  *he  two  muscles  which  stretch  the  membrane  of  the  prcirisionitic*' 
drum  are  made.     The  same  precision  is  illustrated  in  the  t'ma'if":;  "h<^ 

.   ,  ,  1-11-1  T  ^  r¥ii  con  t roc  li OIL  of 

case  01  ihc  niusclrg  which  adjust  (he  vocal  cords.      1  he  state  tho  nndEtoTy 
of  these  may  he  determined  to  the  j^^q^^  part  of  an  inch.       mueciw. 

It  might  perhaps  be  inquired.  Why  should  not  the  function  of  determ- 
ining the  intensity  of  sounds,  as  well  as  their  wave  length,  be  imputed 
directly  to  the  auditory  ner\'e?  It  is  with  the  ear  as  with  the  eye,  the 
mechanism  for  determining  wave  length  can  only  act  with  uniformity 
when  the  agent  to  be  measured  is  reduced  to  a  standard  intensity.     A 
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bright  liglit  falling  upon  tlie  ej-e  brings  on  a  contiuction  of  the  pujwL 
Amd  so  with  the  ear.  A  partiaLl  deafening  must  be  established  to  adjnsi 
the  intensity  of  sound,  that  the  aaditoiy  net\-e  may  act  under  standard 
circoiDslances.     The  primary  inipression  tlierefore  made  upon  that  ncrre'' 

by  the  loudness  ol*  sounds  is,  so  to  speak,  consumed  by  being  coitrerted 
as  a  reflex  act  into  motion,  because  there  is  a  necessity  that  tlie  tensor 
atid  Btapedius  ghould  move,  and  letiex  acts  do  not  aficct  the  mind,  but 
it  instantly  perceives  the  condition  of  coutraction  of  those  muscles,  and 
so  estimates  the  intensity  of  the  sound. 

2d.  On  the  measurement  of  wave  length,  or  time  of  vibration  of  eounda. 
Stmcture  of  the  cochlea  and  its  functions. 

The  structure  of  the  cochlea  is  s<r  signiiioant  that  its  trne  function 
S(niciui«or  has  beea  long  ago  more  or  less  distinctly  recognized.  Titus 
ih»  cochlea.  I^.  Young  speaka  of  it  as  a  raicrometei  of  sound.  Many 
pliysiologists  regard  it  as  determining  the  note  or  pitch.  Any  one  who 
remarks  tlic  gradnally  decreattiitg  n-tdlh  of  it?  spiral  lamina^  and  the 
manner  in  which'lhe  ultimate  filaments  of  the  auditory  nerve  are  spread ] 
thereon,  becoming  shorter  and  shorter  as  they  ascend  the  scale — who  re- 
calls the  structure  of  the  harp,  or  gradually  shorter  stringa  of  the  piano- 
forte, could  scarcely  fail  of  being  impressed  with  the  truth  of  this  conclu- 
sion, The  function  of  the  cochlea  is  the  determining  of  wave  length, 
that  is,  the  time  of  vibration  or  note  of  sounds. 

The  cocldea  has  been  described  as  resembling  a  snail's  shell  in  appear- 
ance. It  is  a  conical  tube,  wound  spirally,  and  making  two  and  a  half 
turns.  The  interior  of  this  conical  and  spirally-winding  tube  is  divided 
throughout  its  length  into  two  portions  by  means  of  a  transvei-se  parti- 
tion, which,  following  tlxe  spiral  winding  of  the  tube,  has  Iiad  the  name 
of  lamina  spiralis  bestowed  on  it.  The  two  partitions  produced  by  the 
intervention  of  this  lamina  arc  called  scala  vestibuli  and 
Bcala  tympani.  At  the  top  or  point  of  the  helix  the  two 
communicate  through  a  little  hole,  from  the  cessation  of  the  lamina 
lis.  To  tliia  Opening  or  deficiency  the  name  of  helicotrcma  13  gii'cn. 
Considering  the  two  scala;  as  separate  tubes,  their  mouths  open  differ- 
ently ;  the  scala  vestibuli  opens  into  the  vestibule  of  the  labj-jinth,  and 
we  may  therefore  regard  the  membrane  of  tlie  fenestra  ovalis  as  beiug 
virtually  its  boundary  or  closure,  but  the  mouth  of  tlie  scala  tym|)aiii  is 
against  the  fenestra  rolnnda,  and  is  closed  by  the  membrane  of  that  aper^. 
lure.  As  tiieir  names  therefore  indicate,  the  ecala  veslibuli  opens  into. 
ihe  vestibule,  and  the  scala  tympani  into  the  tjTnpanum. 

Passing  directly  through  the  body  of  the  cochlea,  and  being,  as  it 
I  (rod    t*  fl     werc^  the  core  upon  which  that  structure  is  built,  is  a  bony 
iYibcuudiiorj-  cone,  called  the  modiolus.     Indeed,  the  bony  part  of  tlial 
'^'^'-  traujsverse  plate  whicti  separates  the  tube  of  the  cochlea  into 
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its  two  scolse,  might  be  regarded  as  a  spiral  process  of  the  modiolus. 
Through  the  modiolaa  and  its  spiral  process,  or  lamina  spiralisr  the  au- 
ditor)' nerve  gains  access,  through  suitable  channels,  to  the  interior  of 
the  scaln;. 

J^iff.  1S6,  mterior  of  the  cochlea,  readcrei] 
Tisible  by  the  removal  of  half  of  the  outer  wall: 
a,  a,  lamina  spiralis,  turning  by  its  inner  edge, 
i,  arouTid  the  axis  of  the  cochlea ;  c,  infundl'j- 
ulum  ;  d,  aperture  of  comraumcation  hetwetii 
two  Hcalte;  «?,  £,  section  of  tho  outer  wall; 
/^/■'f'  in'srioT  or  tympanic  scala;  g,  17,  ^,  su- 
perior or  vestibular  sceJa. 

Fig,  187,  section  of  the  cochlea  in  the  direc- 
tion of  its  ajfis :  d,  canals  of  tlie  aids,  or  of 
the  coliiiaella,  for  the  passage  of  the  vascular 
and  nervous  raraificationa ;  i,  infundibulum; 
. ,  base  of  the  modiolus,  or  columella ;  d^d^d^ 
.section  of  spiral  lamina;  Bj  fi,  e,  section  of  the 
outer  wall ;  f,f,f,  inferior  acala^  g,  g^  superioi" 
scfda. 

It  is  necessary  to  nnderfltand  the  stracture  of  the  lamina  epiralis  more 
particularly.  As  we  have  said,  it  divides  the  helical  tube  into  Thespirdi 
tile  two  scala:  hj  extending  transversely  across  it.  Its  bony  por-  la"""*- 
tion  does  not,  however,  estend  more  tlian  about  one  third  of  the  distance, 
the  rest  of  it  being  made  up  in  part  of  a  delicate  membranous  portion, 
and  completed  by  a  muectilar  structure ;  so  that,  if  we  consider  the  lam- 
ina spiralis  at  any  point,  the  region  of  it  near  the  modiolus  is  bone,  the 
intermediate  portion  membranous,  and  the  residual  la  muscular.  Or, 
considering  the  lamina  spiralis  in  the  aggregate,  we  might  say  that  it 
conaistB  of  a  helis  of  bone,  membrane,  and  tnuacle.  To  the  muscle  the 
name  of  the  cochlearia  is  given.  Its  obvious  function  is  to  tighten  the 
membronoua  region.  Moreover,  considered  thus  in  the  aggregate,  the 
lamina  spiralis  is  a  triangular  plate  wound  round  upon  a  central  conical 
core,  and  which,  therefore,  is  liroadeat  at  the  base  of  the  coclJea,  and 
gradually  tapers  off  toward  the  apex.  It  is  to  be  understood  that  the 
cochlea,  like  all  other  portions  of  the  labyrinth,  is  filled  with  water. 

Upon  the  spiral  lamina,  issuing  forth  through  its  bony  portion,  are 
placed  the  ultimate  filaments  of  tho  auditory  nerve.  These,  having  cast 
otf  their  white  substance,  come  into  relation  wim  elon^ted  vesicles, 
and  are  thus  distributed  upon  the  membranous  portion,  the  membrane 
being  kept  uniformly  tense  by  tlie  action  of  the  cochlearia  muscle. 

Fig,  1B8,  p.  370,  section  of  the  cochlea  through  its  axis,  tnagtiitied  four 
diameters,  and  ahowing  the  cocJilear  branch  of  the  auditory  ner>'e,  ac- 
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cOmpatiied  hy  some  vascrular  ramiiica- 
tioriB  acroaa  the  conduits  of  the  coIu-< 
tnella  to  tUe  spiral  lamina. 

J'))/.  189,  section  of  the  cochlea,  mag- 
nitied  eix  diameters^  to  show  the  dis- 
tribation  of  the  cocTilear  branch  of  the 
auditon-  nerve  from  its  jjerJbration  of 
the  columella  to  its  termination  on  tlie 
spiral  lamina. 

Fifjs.  lyo,  191,  showing  the  middle 
and  internal  ear  by  a  section  of  the 
superior  face  of  the  petrous  bone,  snd 
principally  the  entire  distribution  of 
the  auditor)-  nerve :  a,  a,  hammer, 
holdings  (i,  bt  £,  its  iutemol  muscle ;  c. 

Fig.  iw 
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c,  c,  its  anterior  muscle ;  and,  d,  its 
external  muscle;  e,  f,  aU^Tl;  f,  len- 
ticular bone ;  y,  sllmip ;  /i,  musde 
thereof;  i,  chorda  tjinpani;  J,  fa- 
cial nerve,  reoeiving,  X:,  great  su- 
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perfieial  petrosal ;  I,  cochlea  -,  m,  auditory  nerve;  n,  its  cochlear  branch ; 
and,  o,  its  vestibular  branch,  furnishing,  ji,  branch  of  posterior  vertical 
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canal;  ^,  branch  of  sacculus ;  r,  branch  of  utricle;  *,  branch  of  horizon- 
tal canal ;  i,  (-,  braiicli  of  superior  vertical  canal. 

We  proceed  now  to  the  consideration  of  the  ftinctiona  of  the  cochlea. 

The  principles  of  acoustics  would  lead  ub  to  infer  that  sounds  entering 
the  cochlea  throw  into  vibration  its  spiral  larainit,  <an  inference  Functions  of 
which  is  supported  by  anatomical  considerations  in  regard  to  tiic^MhlM. 
thiG  position  and  function  of  the  cochlearis  muscle  in  keeping  the  mem- 
hranoua  portion  of  the  lamina  at  a  ilue  degree  of  tenaion.  We  should 
also  infer  ibat  each  external  sound  docs  not  throw  the  lamina  into  vi- 
bration throughout  its  whole  length,  but  onlj  on  a  special  and  corre- 
I'ponding  point,  and  thereby  nffects  solely  the  filament  of  the  auditory 
nerve  in  connection  with  tliat  point ;  that  soutjda  ■which  are  low  will  act 
upon  the  broader  portions  of  the  membrane,  near  Iho.  mouth  of  ihe  coch- 
lea, and  those  which  arc  high,  the  narrower  portions  near  the  apex.  In 
this  respect,  therefore,  the  function  of  hearing  Bhould  have  two  limita, 
one  for  low  and  the  other  for  high  notes,  as  experience  proves  to  us  is 
actually  the  case  ;  but  possibly  the  scale  ia,  so  to  speak,  enlarged  tlirough 
the  various  degrees  of  tenseness  which  may  be  given  by  the  contractions 
of  the  cochlearis  muscle.  A  general  idea  of  the  nature  of  this  limited 
vibration  may  be  obtained  by  recalling  the  effect  which  is  Physics!  iUti^ 
produced  when  one  musical  instrumetil  13  played  in  the  vi-  "'J[,'^,^"i||''^'J'" 
cinity  of  another,  as  when,  for  example,  a  flute  ia  played  wcMub, 
near  to  a  piano-forte,  the  strings  of  the  latter  are  thrown  into  sympathetic 
vibration,  and  the  piano  emits  a  note  answering  to  each  note  of  the  flute. 
iVll  the  strings  are  not  thrown  into  vibration  at  once,  but  for  each  note 
of  the  flute  that  string  of  the  piano  Wbratcs,  the  length  and  tenaion  of 
which  are  duly  adjusted.  The  same  thing,  again,  ma^-  be  seen  when 
musical  sounds  are  originated  near  a  stretched  membrane,  the  surface  of 
which  hais  been  dusted  over  with  grains  of  dry  Hand.  The  whole  sheet 
of  the  membrane  is  not  cast  into  vibration  at  once,  but  some  parts  move 
and  some  remam  at  re.it,  and  so  the  sand-graina  dance  up  and  down  on 
the  vibrating  parts,  and  soon,  being  cast  thercfi-om,  accumulate  on  the 
parts  that  are  still,  and  mark  out  what  are  termed  nodal  lines.  These 
nodal  lines,  or  places  which  are  motionless,  are  frequently  of  remarkable 
complexity  and  symmetry,  aa  may  be  seen  from  the  figures  of  them  given 
in  any  of  the  books  on  natural  philosophy. 

It  is  immaterial  in  what  manner  the  sound  has  reached  the  cochlea, 
whether  through  the  auditor^'  canal  or  through  the  bones  of  ^  ^^ 
the  skull  generally;  the  effect,  as  far  as  the  spiral  lamina  is  sounditDCbe 
concerned,  will  be  the  same  in  both  cases.  That  sounds  can  "'^"'■ 
efficiently  reach  the  auditory  nerve,  and  produce  therenpon  their  proper 
effect,  without  ever  having  passed  throug^h  the  auditory  canal  or  the  drum, 
is  manifested  by  a  great  many  familiar  fact$.     We  still  continue  to  hear 
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fsdnctlj,  though  not  80  plainly,  when  the  external  canal  is  closed  by 
IBOme  obstruction — nay,  even  when  the  sound-giving  object,  aa  a  watch, 
IB  put  into  the  mouth.  So  it  would  appear  that  tlie  function  of  the  coch- 
lea is,  in  a  certain  setise,  independent  ot'  the  drum.  tJiougli  we  havB  to 
admit  that,  for  the  precision  and  perfection  of  heariiig,  the  latter  is  nec- 
eBBury. 

la  the  view  here  presented,  1  consider  that  each  external  musical  note 
Thetochlet  cauaes  a  special  portion  of  the  spiral  lamina  to  vibrate,  and 
^^0^*11™-  ^^'^^  ^^^  particular  nen-e  fihril  supplying  tliat  portion  is  af- 
tiaa  *>t  samdi.  fected  tliEreby,  and  thus  a  distinct  sensation  is  communi- 
cated to  tlie  brain,  the  nerve  fibrils  to  tlie  right  and  left  of  the  one  af- 
fected lying  at  rest.  It  may  probably  be  that  the  denticulate  structure 
described  by  Drs,  Todd  and  Bowman  has  for  its  duty  the  more  perfect 
production  of  this  isolated  effect,  or  that  the  teeth  thereof  act  like  the 
dampeTB  of  a  musical  instrument,  and  restrain  the  vibration.  Notes  the 
wave  length  of  which  is  great,  or,  what  is  the  same  thing,  the  times  of 
the  vibrations  of  which  are  long,  affect  those  portions  of  the  .spiral  lamina 
which  are  broad  and  near  to  the  base  of  the  cochlea,  but  notca  whose  wave 
lengths  are  short,  and  times  of  vibration  correspondingly  brief,  afiect 
those  portions  near  to  the  apex.  But  probably  the  scale  is  changed,  as 
before  said,  by  th'O  tension  of  the  cochlearis  muscle,  and  thus  the  same 
part  of  the  lamina  can  take  charge  of  a  range  of  many  octaves- 
It  may  be  inquired  how  it  is  that  a  eouud  passing  through  tlie  audi- 
_.       ,  tory  canal,  the  bouea  of  the  tympanum,  the  tnembrane  of  the 

The  Bcalro  lirfl  ^  j« 

an  iriterTeffince  fenestra  ovalis,  and  thus  affectmg  ita  destined  portion  of  the 
meubuiisRi.  lamitia,  does  not  give  rise  to  an  idea  in  the  mind  of  repeti- 
tion or  reverberation  by  moving  back  and  forth  tlirough  the  two  scaUe, 
and  affecting  tta  proper  nerve  fibril  at  eac!i  passage.  Is  there  not  a  ne- 
cessity for  the  existence  of  J=ome  mechanism  of  interference  wliich  shall 
destroy  the  wave  after  it  has  once  done  its  work?  Admitting  the  force 
of  such  inquiries,  we  can  not  avoid  being  impressed  with  the  fact  that 
the  two  scala!  into  which  the  cochlear  tube  is  divided  present  all  the  as- 
pects of  a  meclianism  constructed  for  the  discharge  of  such  a  dnty.  For 
interference  to  take  place  among  undulations  of  any  kind,  waves  upoBj 
water,  sounda  in  the  air,  or  the  ethereal  undulations  which  constitute  light, 
the  essential  condition  is  that  they  shall  run  through  paths  of  unequal 
length,  the  inequahty  being  one  of  a  series  of  numbers.  They  must  alao 
be  brought,  for  a  full  practical  effect,  to  their  common  point  of  encounter 
under  a  very  acute  angle,  and  tiiese  conditions  are  represented  in  the 
Bcala  vestibuli  and  the  scala  tympani,  which  are  of  unequal  length,  placed 
at  such  an  acute  angle  to  one  another  that  they  might  almost  be  said  to 
be  parallel,  occupied  by  a  fluid  of  the  same  density,  and  through  both  »t 
the  same  moment  are  passing  the  undidattons  which  con^titul^  the  same 
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sound,  one  having  been  communicsted  by  the  fencBtra  OTalia,  the  other 
through  the  feneatra  rotunda,  their  comnion  point  of  convergence,  and 
perhapa  of  mutual  destroctioni  being  at  the  helicotrema,  the  aperture  at 
the  apex  through  which  they  intercommunicate.  Nor  can  we  fai]  to  be 
struck  by  the  cirCumatancd,  if  this  explanation  of  the  fiilictiOn  of  the 
scalsB  be  correct,  in  what  ail  admirable  inajiJier  the  whole  in-  ..-  .  .  - 
Btrument  is  provided  with  Bclf^adjuating  power,  aince,  when  iha  laqgUi  of 
the  stirmp  forces  in  the  niembranB  of  the  fenestra  ovalis,  the 
pressure  which  is  communicated  through  the  water  pushes  out  the  mem- 
brane of  the  fenestra  rotunda,  and  thereby  the  relative  length  of  the  two 
scalfe  boa  clianged,  the  one  having  become  longer  by  aa  much  aa  the 
Other  has  become  ehorter,  an  adjuatmetit  necegaary  to  bring  about  total 
iotertertnce  at  the  helicotreina.  And  we  might  add  that  such  a  con- 
struction is  all  the  more  interesting,  for,  eLoce  it  is  the  intensity  of  the 
waves  that  iB  to  bo  destroyed,  reliariGe  is  had  upon  the  intensity  inatru- 
mcnt,  the  drum,  to  produce  that  effect,  and  it  is  done  by  the  contractions 
of  the  tensor  tympnni  and  stapedius  muscles.  Perhaps  the  perfect  ac- 
complishment of  this  interference  is  the  standard,  to  which  allusion  baa 
been  made  before,  by  which  the  mind  judges  of  the  power  wluch  has  been 
put  forth  by  those  muscles,  and  thereby  of  the  intensity  of  the  sound. 

Frotfl  the  comparative  anatomy  of  the  cochlea  and  the  character  of  the 
Tocyil  organs,  M.  Duges  formerly  came  to  the  conclusion  that  „■  ^^^. 
the  cochlea  has  for  its  function  the  determining  of  the  pilch  ■nswimyoftiie 
of  aoimds.  In  man,  whose  vocal  powers  are  most  varied,  it  °*" 
exists  in  tlie  higliest  perfection ;  in  birds,  whose  vocal  powers  are  more 
restricted,  it  is  reduced  to  a  short  and  slightly  curved  tube,  but  still  di- 
vided by  a  longitudinal  septum ;  in  reptiles,  it  exists  only  in  a  rudiment- 
ary state. 

The  necessary  existence  in  the  ear  of  some  mechanism  for  the  purpose 
of  preventing  reverberation  or  repercussion  has  long  been  recognized 
both  by  writers  on  acoustics  and  by  physiologists.  Thus  an  explana- 
tion of  the  fniictions  of  the  semicircular  canals  and  of  the  cochlea  upon 
this  principle  is  given  by  Dr.  Roget,  tn  his  Bridgewater  Treatise ;  and, 
in  like  manner,  Professor  Jackson,  of  Philadelphia,  has  for  laeveral  years 
taught  a  similar  doctrine  in  his  lectures..  Since  1840, 1  have  in  my  pub- 
lic lectures  presented  the  explanation  given  in  the  preceding  para^^plis. 
It  differs  essentially  from  that  of  my  friend,  Professor  Jackson  (of  which 
a  brief  statement  may  be  found  in  Dr.  Smitli's  etlition  of  Carpenter"'s 
Physiology,  Phdadelphia,  1856),  in  this,  that  it  limits  the  accomplish- 
ment of  interference  to  the  cochlea.  The  view  which  I  entertain  respect- 
ing the  fiinction  of  the  gemicLrcular  canals  will  be  immediately  set  forth : 
it  does  not  appear  to  me  tiiat  they  are  iu  any  way  connected  with  the  in- 
terference mechanism. 
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3d.  On  the  detcniiinattou  of  the  quoHtj- of  sounds,  the  atructure  of  the 
MraicirciJar  canals,  and  their  fiinction. 

The  semicircular  canals  are  cjiindroid  tubes,  developed,  as  it 
1L  rihe  ^'^'^^^  *^"^  vestibule,  and  of  a  figure  which  has  suggested 

»e»ik-irtuiur      tiaiue.     Thfy  are  three  in  number,  aiid  placed  at  right  ant 
'^'^^-  to  one  another:  two  of  (hem  are  vertical,  the  tliird  horizon- 

tal; they  all  open  into  the  veatibule,  the  adjacent  branches  of  two  of 
tliem  coalescing  first.  On  one  of  the  brancljea  of  each  of  them  tliere  ia 
ii  dilatation  ju3t  before  it  joins  the  veatihule ;  to  this  dilatation  the  des- 
ignation of  ampulla  is  given.  The  vestibule  of  the  labj-rinth  maj  there- 
fore be  regarded  as  the  common  mouth  of  the  semicircular  canals,,  and  of 
the  BcaU  vestibuli  of  the  cochlea  5  or,  considering  its  order  of  develop- 
ment,  the  vestibule  may  be  regarded  as  the  essential  portion  of  the  laV 
yrintli,  and  the  semicircular  canals  and  coclilea  appendices  that  have 
branched  forth  from  it. 

The  vestibule  and  semicircular  canals  are  lined  with  a  membrane 
whichj  of  course,  copies  their  shape,  yet  it  is  not  in  contact  with  their 
bony  wflllB,  but  is  parted  therefrom  by  a  straluni  of  water,  to  which,  as 
Iiaa  beeti  said,  the  name  of  perilymph  is  given ;  their  interior  is  also 
Hllcd  with  a  liquid— the  endolyroph,  it  is  calEed.  The  bony  structure  i» 
called  the  boi^y  labyrinth ;  tliis  structure  ia  the  membraiious  labyrinth. 
A  portion  of  the  auditory  nerve  divides  into  three  main  branches,  which 
present  themselves  for  the  supply  of  the  ampullar:  the  brush-like  term- 
nations  of  these  are  accommodated  with  an  otolith. 


Pip,  jw, 


ILLUSTRATIONS    OF   LABl'HINTH  OP   LEFT  SIDE. 

EltEBKAL,  OIL  TIUrUKlC   FICB  07  LABrBlMII. 

^3ff.  192:  a,  external  wall  of  vestibule,  on  which 
is  seen,  b,  fenestra  ovalis  ;  c,  fenestra  rotunda, 
and,  d,  tract  of  the  facial  nerve  i  e,  superior  senii- 
cireular  canal;  jf,  posterior  semicircular  canal ;  y, 
borizonlal  semicircular  canal;  i,  i,  i,  wail  of  coch- 
lea ;  J,  aqueduct  of  cochlea  *  i,  portion  of  petrous 


CKTEItNAL,  OR  CBAHIAI-  ?*0B   OF   LABTBIRTH. 

Pif.  IBS  J^tff.  193 ;  a,  internal  wall  of  vestibule ;  b.  aqu&- 

duct  of  vestibule  :  c,  base  of  cochlea ;  d,  aqueduct 
of  cochlea;  e^y^  conduit,  at  the  bottom  of  which 
are  several  holes  for  the  paasage  of  facial  and  au- 
ditory nerves;  ^,  superior  semicircular  canal;  A, 

t.-rMiiiiir»c.<iruieU6rrtnib.    posterior  semicircular  canal;  ?',  liomontal  semidr- 

culnr  canal. 


FUNCTIOK   OF  THE  SEMICIRUULAE  CANALS. 


375 


rsTERIOK   <^V   LABTRIMTH,  0SW  OM    ITS   HXrBB»«L  OR   ITMPAKIC   PACE. 


n^,  104. 


InlerlOT  et  lu\iyiiati>. 


Fiy.  194 :  a,  vestibule,  into  which  open  the  aemi- 
circular  canals  by  five  orificea)  and  the  vestibulai' 
Bcala  of  the  cochlea ;  i,  h^  eection  of  tlie  wall  of  tht- 
coehiea  ;  r,  c,  bony  portion  of  spiral  lamina,  divitUiig 
the  conoid  cavity  of  the  cochlea  into  scala  vestibuli 
and  scala  tympani;  d^  orifice  at  aunjtnit  of  cochlea. 


IXIEKIOB   OP  LASTKUTTH,  iEEH   ON   rra   I!(T£RNAI.  OB  CKAKUL  iUZi. 


F(f.  ICO. 


Init^of  of  4iilsyrtiiUi, 


Fig.  195:  a,  veatibiUar  cavity,  into  which  open  the 
cavities  of  tlie  semicircular  canals  and  tlie  cochlear  cav- 
ity; 5,  bottom  of  Internal  auditory  canal,  answering  to 
base  of  coclilea,  and  partly  to  internal  wall  of  veatibule ; 
c,  simple  foramen  for  facial  nerve ;  d^  many  openings 
for  auditory  nerve. 
The  explanation  usaally  given  of  the  function  of  the  semiciicular  ca- 
nals is,  that  thev  serve  to  determine  the  direction  of  sounds,   _  . ,.  ._ 

^  J  '   Cniicinn  on 

an  idea  which  baa  arisen  from  their  remarkable  rectangular  th*  espUna- 
position.      However,  this  is  accompliabed  in  almost  all  cases  ^"^nltile 
by  directing  the  external  canal  toward  the  point  from  which  runaianof  tht 
the  sound  is  coming,  and  judging  of  its  place  by  the  varia- 
tions of  its  intensity.     Animals  commonly  direct  the  external  ear  toward 
the  sounding  point,  guided  doubtless  in  the  same  way.     Some  phyaiolo- 
[^ista  have  restricted  the  use  of  the  semieircuEar  canals  to  the  collection 
of  those  sounds  which  Btrike  upon  the  skull,  but.  besides  the  preceding 
conaiderations,  there  are  others  derived  from  comparative  anatomy  which 
seem  to  indicate  that  tins  can  scarcely  he  their  duty. 

The  intensity  of  sounds  is  judged  of  by  the  tympanum ;  their  pitcJi 
Or  wave  lengtJi  is  determined  by  the  cocltlea,  and  therefore  Thejtrefor 
^ere  arises  a  strong  pi^esumption  that  the  semicircular  ca-  ^^'^™y'of  ^*" 
nals  must  have  the  function  of  distinguishing  the  third  char-  sounds, 
acteristic  of  sounds,  that  is,  their  quality;  since,  if  this  be  not  the  case, 
there  seems  to  ho  no  other  portion  of  the  auditory  roechaniani  to  whicli 
that  otBcc  could  be  assigned. 

The  suspicion  which  we  are  thus  led  to  entertain,  that  the  semicixcu- 
tar  canals  are  for  appreciating  the  quality  of  sounds,  is  s.trengthened  in 
no  common  degree  by  facts  of  comparative  physiology.  Unlbrtunately, 
we  know  so  little  qf  the  mechanical  peculiarity  on  which  distinctions  of 
quality  depend,  that  we  are  wholly  unable  tg  trace  out  the  structural  con- 
ditions of  an  Organ  which  should  be  calculated  tor  seialng  on  them.  We 
know  that  the  quality  of  a  note  emitted  by  a  violin  is  different  from  that 
emitted  by  a  flute,  though  the  Intenaily  and  pitch  may  he  the  same,  but 
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we  can  not  tell  why.  In  the  case  before  hb,  we  therdbre  can  expect  no 
assistance  in  tlie  war  of  arguments  from  mechanic^  philosophy,  and  are 
limited  to  the  use  of  those  which  may  be  drawn  from  comparatiTe  anat- 
omy and  physiology, 

Exatuining,  therefore,  what  appears  to  be  the  primitive  plan  of  the  con- 
lUuKracion  of  stTuction  of  this  mechanism,  we  find  it  to  consist  of  a  nerv'c 
ihUt^xpUca-  £biil  ia  connection  with  an  otolith,  or  little  stony  body. 
panitivn  kui-  Such  a  constraction,  included  in  a  bag  of  watet,  constitutes, 
""'■''■  in  point  of  fact,,  the  organ  of  hearing  of  some  of  the  lower 

tribes^  as  the  gaRtcTopodoua  mollnacs.  These  animals  can  hare  no  per- 
ception of  the  pitch  of  sounds  or  nrneical  notes,  and  only  an  imperfect  one 
of  intensities.  But  what  they  do  distinguish  is  one  noise  from  another. 
Now  the  idea  conveyed  to  the  mind  by  difference  of  noises  is  precisely 
the  distinction  that  we  arc  dwelling  on,  that  of  quality. 

If,  instead  of  restricting  our  examination  to  the  seniicirculu'  canals,  we 
Geiwral  view  ^^^^"^  •'  ^^  the  wholc  organ  of  hearing,  and  consider  to- 
ot%hp.  Mdiwry  gethcr,  in  the  case  of  each  tinimal  tribe,  it.?  requirements,  and 
the  manner  in  which  those  requirements  are  eatislied,  we 
shall  meet  with  a  surprising  confirmation  of  the  preceding  views.  The 
lowest  requirement  we  can  conceive  of  is  the  appreciating  of  noises;  an 
advance  upon  this  ia  the  determination  of  their  direction ;  a  higher  ad- 
vance, the  determination  of  their  intensity;  and  a  still  higher,  the  rec- 
ognition of  those  combinations  of  impulBes  which  constitute  a  musical 
sound.  For  each  of  these  successive  requirements  the  auditory  mech- 
anism must  neceaearily  become  more  complex ;  and  thus  it  first  ap- 
pears, as  we  have  just  stated,  as  a  sac  of  water,  containing  a  stony  grain 
or  otolith  imbedded  in  the  ceBOphageal  collar.  A  noise  agitates  the  oto- 
„  -        litht  and  by  its  movement  the  perception  of  a  sound  ensues. 

ni»tcimyofUi8  In  cephalopodous  rauUuscs  the  auditory  sac  ia  detached,  and 
*"•  the  intercommunicating  thread  represents  the  rudiment  ot" 

what,  in  the  higher  grade  of  development,  will  be  the  auditory  nerve. 
With  another  advance  the  sac  is  lodged  in  a  cartilaginous  ca\'ity.  Thus. 
in  the  euttle-fisti.  a  simple  cartilaginous  vestibule  exists,  Laving  mtliin 
it  a  membranous  bag  or  auditory  capsule,  filled  with  fiuid,  and  upon  the 
lApsule  the  filaments  of  tlie  auditory  nerve  are  spread.  An  otolith  or 
eaj^stone  is  placed  within,  and  this  constitutes  the  entire  apparatus,  while 
yet  there  is  no  vibrating  membrane  and  no  fenestral  aperture. 

Even  in  still  higher  conditions  the  purely  mechanical  character  of  the 
Btmctnre  is  manifest,  and  so,  in  some  of  those  in  which  the  sac  opens  ex- 
teriorly, grains  of  sand,  that  have  been  introduced  by  chance  from  without, 
rest  on  the  bait  like  filaments  which  the  auditory  sac  contains,  each  fila- 
ment apparently  including  a  nerve  fibril.  In  a  still  higher  comhtion  of 
advance,  as^  for  example,  in  the  lobster,  a  portion  of  the  shelly  wall  which 
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fbims  the  boxmdaiy  of  tlie  anditoiy  cavity  is  tinconsolidatcd,  and  a  rapin- 
bnuie  which  etretches  over  the  otherwise  vacant  epace  preee:iita  the  lirst 
rudiment  of  the  fenestra  ovalis.  With  the  exception  of  the  anipUioxus, 
all  vertebrated  animals  have  a  s])eclal  organ  of  hearing,  which,  in  suc- 
cessive trihea,  presents  an  interesting  increase  of  complexity',  beginning  in 
the  cyclostomea  with  a  sac  in  the  cranial  cartilages  tilled  with  water, 
nerve  tibrils  digtribiited  on  its  walls,  and  an  otolith  included,  but  no  ex- 
ternal communtcatiTig  aperture.  From  this,  in  succession,  the  various 
portions  which  are  to  be  developed  in  pert'ection  in  the  higher  races  grad- 
ually appear:  the  myxine  has  one  seroicircular  canal  arising  from  the 
veetibule,  the  lamprey  has  two,  the  higher  forma  have  three.  As  the  case 
may  be,  a  portion  of  the  cartilage  or  bony  parietes  is  deficient,  and,  again, 
the  foneBtra  ovalis  is  the  result  Though  in  the  osaeoua  tishcs  there  ts 
neither  tympanum  or  cochlea,  in  some  lew  the  rudiments  of  the  former 
begin  to  exist.  Tiie  naked  amphibia  have  no  cochlea,  and  only  one  fe- 
iiestrji,  answering  to  the  ovalis :  to  this  is  fitted  a  stapes ;  but  in  bzarjs 
and  scaly  serjients  there  ia  a  general  advance,  these  having  a  conical 
coclilea.  Aa  we  pass  through  then;  the  plan  ia  carried  Out ;  the  tympan- 
ic cavity  and  its  chain  of  bonea,  the  Eustachian  tube,  and  cochlea  ap- 
pcaTj  and  with  the  rudiment  of  the  cochlea  there  is  presented  in  the  tym- 
panic cavity  a  second  aperture,  answering  to  the  fenestra  rotunda.  In 
Liirds  the  atructnre  offers  a  continued  improvement,  commencing  on  a 
plan  analogous  to  that  of  the  scaly  amphibia,  but  exhibiting  a  speedy 
development.  The  mcmbrana  tympani  is  composed  of  several  layers; 
the  cavity  of  the  drum  communicateB  witli  cells  in  the  cranial  bones,  the 
analogues  of  the  mastoid  cells ;  a  bony  Eustachian  tube  crosses  to  meet 
its  fellow  of  the  opposite  side,  and  open  in  a  common  aperture.  Tiie  os- 
sicles consist  of  a  malleus,  a  staff-shaped  intermediate  bone,  and  a  Hat 
stapes,  resting  on  the  fenestra  ovalis.  As  if  to  show  a  tendency  to  the 
form  it  is  eventually  to  assume,  tMs  bone  sometimes  presents  a  forked 
appearance,  the  preparation  of  a  stirrup  shape.  As  regards  this  bone, 
birds  and  mammals  may  be  said  to  overlap,  for  in  its  more  developed 
condition  in  birds  it  bifurcates,  but  in  the  lower  mammals,  as  the  kanga- 
roo, it  is  still  cylindiic.  In  birds  of  prey  the  semicircular  canals  are 
large,  the  cochlea  fairly  developed,  though  as  a  straight  or  sUghlly-ciined 
lube,  containing  its  ecalfB  and  vibrating  lamina:  the  veatihule  has  car- 
stones.  Through  the  monotrcmata  this  condition  of  constniction  is  con- 
tinued into  the  perfect  mammals  :  all  the  aerial  tribes  have  external  ears, 
and  full  development  ia  reached  in  the  auditory  mechanism  of  man. 

Now  if  We  collate  the  facts  here  presented  with  the  requirement  of  the 
condition  of  life  which  each  of  these  successive  races  seems  to  deiniuid,  we 
shall  iind  that  the  remark  heretofore  made,  that  the  semicircular  canals 
are  for  the  recognition  of  the  qualities  of  sound,  is  strikingly  borne  out. 
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tfaoagli,  from  our  ignorance  of  what  it  is  in  vliicb  quality  consists,  we 
wholly  anabl«  to  offer  an  explanation  of  the  precise  mode  of  action  of^ 
tlut  ].iart  of  the  awltlory  meclutiiism. 

W'v  Are  so  prone  to  cjitcnd  put  ideas  of  OM  own  perocfrtions  to  the 
Paniai  deaf.  ^^^^"^  °^  Other  animals  tbat  it  may  not  here  be  unprofitable  to 
MM  trfUiffrioT  ofkt  a  rentark  which  niay  een'e  to  correct  such  ^icws.  To 
many  of  the  sounds  with  which  we  are  tatuiUar,  birds  and  oih- 
cf  lower  tribes  are  totally  deaf;  they  can  not  appreciate,  except  within  a 
narrow  range,  the  notes  of  music,  and,  indeed,  to  all  those  iu  which 
ia  no  cochlea  such  notips  are  inaudible.  In  the  lower  grades  nothing  moi 
than  a  noiac  can  be  detected,  and  tbat  doubtless  in  a  very  indefinite  way. 
Wr:  can  therefore  understand  how,  tlirough  Imperfection  of  constjuctitm, 
tltcy  an;  cut  oft'trom  the  perception  of  an  inBnile  number  of  occmrcnceB 
wliich  are  obvious  enough  to  us^  Even  among  our  domestic  animala,  to 
wliicli  wc  BO  often  speak  or  sing  in  the  way  we  do  to  one  soother,  the  in- 
tellectual obtuaencas  which  wc  think  we  recognize  doubtless  originates 
in  an  incapacity  to  receive  those  expressions,  because  of  faulty  structural 
condition. 

Ill  closing  these  remarks  on  the  sense  of  hearing,  it  is  necesaufy  to 
_     , ,     ,   direct  attention  to  the  order  of  development  of  the  orsnn  in 
«|)nu'uttirL]iii    uio  inuiviuual  or  the  human  species,  as  we  have  done  in  lue 
''"''  case  of  the  successive  tribes  of  animals:  and  here  it  may  be 

affirmed  that  the  car  of  man  pasHca  in  a  traiiBient  succession  tlirougli  all 
tlicae  permanent  animal  fonns.     It  originates  at  firet  from  a  budding 
forth  of  the  ve-iiiclc  of  the  medulla  oblongata,  the  issuing  cell  becoming ' 
by  d'Pgreea  j>uar-«haped,  and  connected  with  the  parent  cavity  by  a  t! 
or  stalk.     The  jwar-shaped  cavity  is  the  rudiment  of  what  is  evetitusllj 
to  be  the  vestibide;  tlie  pedicle  will  become  the  auditory  nerve.     Even' 
lit  this  early  period  the  cavity  contains  an  otolith.     By  degrees  there 
arises  from  the  folding  in  of  the  walla  of  the  vestibule  tho  curved  fanns 
that  arc  to  become  the  semicircular  canals,  and,  at  a  period  a  little  later, 
in  an  analogous  way,  the  cochlea.     At  one  stngc  of  this  development  the 
membranous  labyrinth  presents  an  almost  identical  aspect  with  that  of 
the  retina  at  the  time,  both  being  composed  of  a  fibrous  network  inter- 
apcracd  witli  granules  and  nucleated  cells,  the  shadowing  for'Ii  of  the 
parallelism  of  construotion  which  may  be  traced,  hi  the  two  orgi.na  when 
they  have  reached  their  utmost  development,  the  one  lor  the  cogaizaucc 
of  normal  and  the  other  for  transverse  vibrations. 

And  so  it  appears  that,  as  respects  the  organ  of  hearing,  its  order  of 
iuii.>(f-niii>ii  uf  development  in  the  individual  is  identically  the  same  as  ila 
111.' im(i'rf.T.    order  of  development  in  successive  tribes  taken  in  the  a^- 

ll1>ll(^fUn■llu('-  T  ■         ,  1  ,     - 

irin*flriiimi.-  gtegatc,     in  the  latter  case,  wc  constantly  regard  tis  con- 
dition of  eonslruvtion  as  arifiing  from  a  pur[io:8ed  nduptatioti 
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to  the  wants  of  tte  animal.  We  consider  it  as  affording  a  series  of  il- 
lustrative instances  of  tlie  iiae  of  means  for  the  production  of  definitt 
ends,  and  therefore  as  exhibiting  the  evidences  of  design  ;  but  what  are 
we  to  make  of  the  other,  tiie  parallel,  the  individual  case,  in  which,  iii 
snccession,  the  organ  presents  each  one  of  these  particular  forms,  and  in 
which  not  one  is  ever  used,  save  only  the  most  Cotuplete,  the  last? 
There  would  aeem  here  to  be  little  of  ad«ptatioii,  little  of  means  to  an 
end,  nothing  of  design.  But  does  not  thiii  prove  to  us  (and  the  other 
organs  of  sense  wUl  furnish  a  similar  argument)  that  the  development  of 
the  various  animal  tribes,  and  of  each  individual  of  those  tribes,  takes 
place  under  the  operation  of  a  lar-reaching  and  common  law,  and  that  the 
particular  condition  which  any  species  presentB^  or  even  any  individual 
at  some  special  period  of  his  existence,  is  a  man iie station  of  the  degree 
or  extent  to  which  that  law  baa  been  carried  out? 


CHAPTER  XX. 

OF  VISION. 

Amitogy  ftetween  Soanil  anii  TJght.-^ComfKirotire  Aurttamif  of  fition. — Pnvefition  ef  WvFinth. 

='filrarlurc  of  Vfrftl.- —  f^.te  tf/'  Lriisti. — Pl.i^sirat  /Vi/iryj/V  of  (fit:  On/an  of  Vi»\iu\. 
Xfr.srrijition  of  (/it  llviiian  Egr. —  Ojii'ural  ArC\an  of  its  I 'itHx.^ Spherical  ami  Chroniatic  Ahtrra- 

lion. — 7?ecciViil_7  SsfCCH  of  the  Jl^c  iw  lAe  hlarJi:  I'iffniettt, — Laai/  aii'l  ahart  Siy/it,  and  ifiixr 

Correction. — /.imtir  of  Vition  are  inchdefi  in  one  Oetuve. — Limit  in  tstimatiag  tht  DtJi/lilittA^ 

of  Liyht. 
Nervous  Mf/iariifiit  vf  llf  £>/* :  its  S'rarlvre  and  functions. — Manner  t//'  PeTfrjilimi  hy  tin- 

Retina.- — Tht  b/nck  Pi-jiiiml  absortn,  lire  /J!ay;i,-^,5'"iyfe  and  douirte  Viinon. — Dfinilioit  iff  Im- 

prfMsiom. —  0<^laT  Specl'ti. — Hrect   yiaiott, — Idea  of  th^  Hi/lidity  of  /ladies. — lly/iol/ifnt  t^' 

tiie  Action  of  die  /(criiju. 
AixtsMry  Apparaliu  of  die  £ye. — Tlie  EyebroKt. — E^lidxr—LiKh-^al  Apparatus, — Mwckf 

of  tU  Ball 

TuE  physical  difference  between  wavea  of  sound  and  waves  of  light 
has  been  already  staled  to  consist  in  this,  that  the  vibrations  . 
which  give  rise  to  the  former  coincide  with  the  direction  in  iwecn  sound 
which  the  wave  passes,  but  thoisc  of  the  latter  arc  transverse.  *"  ^^^' 
There  is,  however,  notwithstanding  this  diflercnce,  a  general  analogy  be- 
tween the  structure  of  the  car  and  tliat  of  the  eye.  and  provision  muat 
t)e  made  in  the  case  of  the  organ  of  sight  for  determining  the  fujidanicntal 
peculiarities  whiuh  are  necessary  to  be  determined  in  the  case  of  the  or- 
gan of  sound ;  that  is  to  say,  intensity,  wave  length,  or  time  of  vibra- 
tion, and,  in  addition  thereto,  the  requiremente  of  this  particular  prob- 
lem demand- that  nieana  should  be  included  for  ascertaining  with  exact- 
ness the  shape  of  objects  and  their  relative  positions. 
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of  tiie  eye,  mame,  prrfcayw.  ■  i 
Indi  to  fff^T  oiHclBaaB^  dkia  ttat  wvdb  is  |B9- 
hf  iiiM|Miiiiii  MiiliMj  It  M  >ift  «  fJfh  to 
oigaii,aaefa  aa  tfae  efe  of  ■nvaoil  &■■  Ae  aCadx 
of  it  to  detee  Ob  a^gnfioneB  of  2i>  miiH  pBl%  n  it  woay  be  to  take 
ft  coaMKBten  DOHMa  cobUiviuiob  sbii  deiSHiBBns^  it  the  pnipartKs  ot 
itc  iDeciianical  glemnito.  It  u  ■carcelj  front  tbe  watdt  or  other  ddicate 
mtfhtnf  that  ve  shotild  expect  ui  make  fi^  the  pcopertia  4f  iIk  Imer 
or  tb*  wheel,  and  experienw  aboira  that  it  is  oolj  bj  tiie  attsitrre  studj 
of  tbe  CMBO  [moenltd  by  oomiwntiTe  fkjnoiogy- — tfaoee  experiments 
BHido  lor  tu  bj*  iKttiTe,  u  Cuviek  baa  oUed  them — that  we  can  hope  to 
odnnce  to  the  perieci  Bolntion  ^f  this  problcn. 

IVea^g  the  sobja^tr  therefore,  in  thia  way.  we  obaerre  that,  in  tbe  an- 
rwAu^i  tmal  aeriet,  long  Lefore  any  thing  like  a  idistinct  oi^aa  of  vis- 
aipOtm  fit  ion  can  be  deKcted,  thtre  is  yet  a  perception  oi'  light  and 
■*""  darkness.     The  hydra,  a  fresh-water  polype,  offera  an  exam- 

ple, for  tbia  animal  aeeks  the  aonny  aide  of  the  vessel  in  which  it  is 
placed,  pTiifcrriiig  it  to  tlic  shade.  In  the  absence  of  every  restige  of  a 
viitiu.1  organ,  Lhr;rc  c&n  not  be  a  doubt  lliat  Its  morements  depend  on  the 
[fcrccplion  of  warmth,  jufit  as  when  a  man  who  is  totally  bUnd  passes 
from  tlu-  Aun  info  tbe  shade,  his  fecliugs  at  once  notify  hiro  of  the  change. 
In  a  pbyMJologicnl  i«cnst,  it  h  of  no  interest  to  as  to  inquire  into  tbe  phy»- 
Lcal  nattirc  of  ttii^i  effect,  whether  light  is  identical  with  beat^  or  whether, 
wlien  light  falln  upon  a  body,  it  turns  into  heat.  We  have  only  to  ac- 
I'cjit  it  as  n  fuel  capable  uf  abundant  e:cpenmental  proof,  that,  whene'ver 
rays  of  llglit  fall  ou  a  surihcc,  tbat  surface  becomes  vrarm.  This,  as  we 
AJull  mtw  find,  is  tbti  key  of  all  the  ej^plaiiations  we  have  to  give. 

Dr.  I'"raiikliii  made  an  cx|M;riraent  to  the  i'ollowing  eftcct.  He  placed 
tir.  Kranklln'i  on  tbe  SHOW,  OH  a  fluiisbiny  winter  day,  pieces  of  cloth  of  dif- 
.■«|j.>rtii.ciii.  fcrpiii  colors — black,  yellow,  wliito,  etc.,  etc. — tn  sucli  a  posi- 
tion llint  the  inun's  rays  fell  equally  on  them*  After  a  certain  length  of 
timOi  on  ux&miiiing  tbtm,  he  found  that  the  black  cloth  had  melted  its 
wfiy  df(.'|dy  into  the  snow,  the  yellow  to  a  less  depth,  and  tbe  white 
MCarcoiy  nt  nib  He  tlicrefore  drew  tbe  conclusion  that,  whwi  tliey  are 
I'QOciviiig  ligliti  surfnccA  become  warm  in  proportion  to  the  depth  of  their 
f  int.  Rud  llmt,  tit'  rdl  Hurtaccs,  one  having  a  velvety  blackness  is  most  sen- 
sitive, iHicauso  it  can  exert  the  most  powerful  absorbent  agency. 

On  lliis  principle  scetu  to  he  conslructed  the  ocelli  of  the  lower  tribes. 
11,1.(11  or  J«wor  'riicsD  consist  of  a  collection  of  pigment  grannies,  uanally 
•iiiinnii  •'OH.  (y(  f^  ^j^  black,  or  dark  color,  seated  on  the  expansion  of  a 
I  miikiiti'*  nervous  thread,  llie  pnnciple  which  la  clearly  contained  in 
iitiudpiti.         ij^ig  uicdiaiusm  is  that  of  relieving  the  general  surtiicc  from 
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the  impresBion  of  light,  or  rather  of  rendering  it  more  intense  by  central- 
izing it  upon  A  special  locality.  Such  a  construction  involves  at  once  a 
change  in  ibe  nervoua  mechanifitn,  by  devoting  a  particiilar  system  of 
nerve  tubules  to  the  new  duty.  But,  notwithstanding  tiiis  increasing 
complexity  of  structure,  the  phyBical  principle  is  still  as  simple  as  be- 
fore. It  is  indeed  almost  as  though  a  blind  man  should  paint  upon  his 
ekin  a  black  space,  bo  that,  as  in  Franklin's  experinient,  it  migiit  be 
more  sensitive  to  the  aun.  With  this  devotion  to  a  new  duty  the  nerv- 
ous tubules  doubtless  assume  an  isolated  function,  and  thna  there  arise' 
a  neT\'e  of  special  sense.  The  ocelli  of  tiie  lower  animals  are  aonietiide'? 
qnite  numerous.  From  this  a  new  power  is  at  once  derived,  the  power 
of  detemaining  the  position  of  the  source  of  light,  a  property  which  doubt- 
lesa  becomes  more  perl'ectly  marked  in-  proportion  to  the  number  and 
eyniinetry  of  arrangement  of  the  ocelfi.  As  we  ascend  the  animal  series 
in  our  examination,  we  soon  find  that  complexity  is  being  introduced. 
A  membranous  hood,  arising  from  a  little  fold  of  the  external  tegument^ 
shadows  forth  the  rudiment  of  an  eyelid,  and  seems  to  indicate  to  us  tLal, 
even  in  these  low  grades,  the  condition  which  we  shall  eventually  find 
so  strikingly  marked  in  the  high  ones  already  exists,  that  functional  ac- 
tivity involves  desti-uction,  and  that  the  sensory  mechaniam  must  have 
its  period  of  repose. 

Approaching  the  more  highly-developed  conditions  of  the  organ  of 
vision,  we  may  next  consider  the  cases  presented  by  the  |„t;p(^Hp[iom,f 
eyes  of  insects  and  tiie  eyes  of  higher  mammalia.     In  these  «in7trgingmB. 
a  new  physical  piinciple  has  been  introduced,  the  optical     *' 
property  of  tlie  convex  lens,  a  transparent  sohd,  having  one  or  both  of 
its  siirfaces  curved,  and  obtaining  therefrom  the  power  of  forming  repre- 
sentations, or  image*  of  objects  which  may  be  in  front  of  it,  at  a  certain 
focal  distance  behind.     Such  images  are  seen  when  we  take  a  magnify- 
ing glass  or  a  convex  lens,  and.  holding  a  piece  of  paper  be-  _.  ^  ,  . 
hind  it  at  a  particular  point,  there  will  be  depicted  ujion  the  ica  variwiona 
jmper  t!ie  inverted  forms  of  whatever  objects  may  be  in  front.  "^     sunce. 
That  distance  is  tlie  focal  length  of  the  lens.     But  we  may  farther  no- 
tice^ and  to  this  observation  our  attention  will  be  required  hereafter,  that 
the  focal  length  is  variable.     If  the  object  "be  near,  the  focal  length  is 
greater;  if  distant,  it  is  less. 

The  instrument  known  as  the  camera  obacara  represents  the  optical 
construction  of  the  eye.  Upon  a  receiving  fiurljice  or  screen,  Thoramera 
placed  at  the  focal  distance  behind  its  lens,  images  are  depicted  o^.s'^'^"' 
of  whatever  objects  may  chance  to  be  in  front ;  but. — and  this  is  a  remark 
of  interest  to  tis  now — the  visual  range,  or  fiicld  of  view,  is  quite  limited. 
In  animals,  the  perfection  of  whose  vision  requires  that,  instead  of  being 
restricted  in  their  view  to  a  narrow  space,  they  should  be  able,  as  it 
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were,  to  take  in  almost  a  hemiBphere  at  a  glance,  this  exteneion  of  liiP 
visual  fiinction  can  only  \t&  accomplished  in  one  of  two  different  vf&ys. 
„._  To  ofle  the  illustration  we  have  been  employing,  it  nia^  be 

trivmwM  for  feached  hy  having  innumeraLle  catnerBe  pointing  in  innumer- 
Wffcr  field  of  ^^^^  directions,  aod  conveying  the  resulting  images  to  one 
tIc*  by  the  common  surfaoe,  or  by  having  one,  or  at  most  two,  amiera- 
Bet  upon  a  movable  stand,  which  can  quickly  point  tfiem  in 
any  direction,  and  so  enable  them  to  inspect  Euccessive  tields  of  ■\'ieiv 
with  ainioat  instantaneous  rapidity.  The  former  plan  is  rc-sorted  to  in 
most  insects,  the  latter  in  man.  In  inaects,  tlie  immobility  of  the  head 
upon  the  tniiik  would  interfere  witli  any  rapid  rolalion  of  the  visual  or- 
gan ;  in  man,  the  facility  with  whidi  rotation  can  take  place  upon  the 
neck  aa  on  an  axis,,  and  the  movement  of  the  eye  in  its  orbit,  aecom- 
plishcs  the  object  without  any  kind  of  difficulty. 

In  continuing  an  investigation  of  the  structure  of  the  eye,  it  is  con- 
venient to  consider  it  under  three  heads:  1st.  Iia  optical  mecUanistn  : 
2d.  Its  nervous  mechaniism ;  3d.  Its  accessory  apparatus. 

Ist  Of  the  Optical  Mechanism,  of  the  Eye. 

The  human  eye  is  of  a  globular  form,  and  about  one  inch  in  diameter, 
Tha  human  I*  13  ""t  perfectly  spherical,  its  lateral  diameter  being  shorter 
*3"«'  than  its  antero-postcrior  by  about  one  twentieth  part.      It  raay 

be  described  as  consisting  of  three  coats,  which,  forming  a  shell,  contain 
transparent  media  and  the  optical  apparatus.  It  might  also  be  consid- 
ered as  ariaitig  from  an  expansion  of  the  optic  nerve  into  an  almost 
Spherical  cavity,  and  which,  being  fortified  by  certain  tissues  bcliind, 
has  a  dioptric  mechanism  in  front. 

The  coata  of  the  eye  are  three  in  number:  the  scl'srotic,  the  choroid, 
and  tlie  retina.  TJie  sclerotie,  which  is  the  exterior,  is  a  white  fibrous 
membrane,  very  tough,  and  possessing  tlie  necessary  resistance  to  give 
mechanical  protection  to  the  parts  within.  Within  this  is  the  choroid,  a 
vascular  layer  or  tunic,  presenting  on  its  interior  the  black  pigment  which 
darkena  the  interior  of  the  eye.  The  innermost  coat  is  the  retina,  an  ex- 
pansion of  the  optic  nerve.  The  sclerotic  coat  is  perforated  in  front,  and 
into  the  circular  aperture  so  arising  the  transparent  cornea  is  let,  like  a 
walch-glasB.  Many  anatomists,  however,  consider  that  the  cornea  is 
absolutely  continuous  with  the  sclerotic,  and  a  part  of  it ;  the  sclerotie 
and  the  choroid  are  united  round  the  edge  of  the  cornea  by  the  ciliary 
ligament.  The  iris  is  perforated  in  its  centre,  the  aperture  being  desig- 
nated as  its  pupil.  Posterior  to  the  iris  is  the  crystalline  lens,  the  space 
between  the  lens  and  the  cornea  being  filled  with  the  aque^rns  humor,  in 
which  the  iris  floutA,  di\'iditig  it  into  two  regions,  called,  from  their  posi- 
tion, the  anterior  and  posterior  chambers.     All  the  rest  of  the  globe  be^ 
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iwecn  the  back  of  the  lens  and  the  retina  is  filled  with  a  substance  ex- 
tremely transparent,  and  known  aa  the  vitreous  humor.  TIiq  aqueous 
humor,  the  crj'stalline  kns,  and  tlie  \*itreou9  humor,  by  reason  of  their 
transparency,  ofler,  therefore,  no  obstacle  to  the  passage  of  light. 


lLl.raT«ATIO!(B   Of  TUB   ETK. 

Fig.  196 :  a,  a^  sclerotic,  turned  over ;  A,  choroid ;  c,  c,  ciliary  nerves 
traversing  aclpiotic,  and  going  between  it  and  choroid;  d^  retina;  e,  vit- 
reous body ;  f,  crystalline ;  g,  niLddle  section  of  iris ;  A,  middle  section 
of  cornea ;  ;,  anterior  chamber ;  J^  posterior  chamber ;  ^  canal  of  Fonta- 
Fij- 19*.  na,  between  the  ciliary  circle  and  iris 

on  one  side,  and  sclerotic  and  cornea  on 
the  other. 


I  i  if  till!-  pya.  f mii[  view  ..f  (he  eye, 

JV^.  197:  a,  transparent  comea ;  A,  ft,  sclerotic ;  r,  iris;  i/,  pupil;  «, 
i-tliary  circle ;  y,  choroid,  on  ivhich  is  seen  the  dichotoraoua  termination 
of  tljB  ciliary  nerves;  g,  ciliary  processes;  /j,  crystalline. 


SECTION   OF  THE   KTK, 
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/^.  198 :  tf,  upper  eyelid ;  J,  lower  eyelid,  showing  the  different  lay- 
ers composing  them :  r,  c,  conjunc- 
tiva, reflected  from  posterior  face  of 
eyelid  upon  the  anterior  face  of  the 
g-lobe  of  the  eye;  dyd^  orbito-oo 
ular  aponeurosis,  prolonged  upon, 
t',  the  sheath  of  the  optic  ner\'e,  and 
sending  sheaths  \o  the  muscles  ;  f^ 
the  Pui>erior  rectus;  g^  the  inferior 
rectus ;  A,  h,  sclerotic,  re-enforced 
behind  by  shcatli  of  optic  ner\'e* 
SKij^n  41/ IJ.B  ,y«  and  in  front  by  aponeurotic  expan- 

sion of  recti  muscles ;  i,  transparent  cornea,  cut  to  »how  its  lamellflr  tcx- 
^■^ '  i«i'  choroid;  k,  ziYiary  circle;  ^,  ciliary  body  and  processes;  m, 
iris  and  pupil ;  n,  h,  canal  of  Fontana ;  o,  o,  retina,  continuous  with  sub' 
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Stance  of  optic  nerv«;  j),  dliftty  circle  of  Zinn;  ^,  j,  liyaloid  mem- 
biuDC ;  T,  capsular  arteiy,  lodged  in  hyaloid  canal ;  «,  £,  vitreous  humor 
and  its  celk  ;  i^  cryatalline  and  its  capsule ;  u,  u,  canal  of  Petit ;  v,  an" 
terior  chamber ;  x,  posterior  chamber. 

To  this  general  description  of  the  conformation  of  the  eye  may  be  add- 
ed a  few  remarks  on  each  of  its  constituent  parts. 

The  sclerotic  coat  consists  of  white  fibrous  tissue,  wliich,  in  addition 
The  jiderotic  ^^  ^^  "^^^  before  mentioned,  affords  the  means  of  iosertioa  of 
""■^  the  muacular  mechanism  for  moving  the  baU.     It  is  thicker 

behind  than  in  front,  its  relative  thickness  difiering  in  different  uiimale 
according  to  the  mechanical  circumslancea  to  wliich  they  have  to  be  ex- 
posed. In  the  whale,  which  has  to  resist  the  pressure  of  a  deep  sea,  the 
sclerotic  is  an  inch  tliick.  In  some  instances  cartilage  is  included  in  it, 
in  others  bone.  Besides  the  aperture  in  front,  into  whicli  the  cornea  is 
let,  there  is  another  behind  for  the  passage  of  the  optic  nerre,  TLia 
method  of  description,  though  very  convenient,  is,  however,  scarcely  cor- 
rect, if  we  consider  the  coats  of  the  eye  as  arising  Brom  expansions  of  the 
optic  nerve,  for  then  the  sclerotic  answers  to  the  exterior  investiture,  and 
the  tubules  of  the  nerve  gain  access  to  the  interior  of  the  eye  without 
passing  through  an  aperture,  properly  speaking.  The  place  at  which 
the  nerve  enters  is  not  in  the  optical  axis,  but  at  a  distance  of  about  its 
own  diameter  on  the  interior  side.  The  aperture  ia  smaller  on  the  in- 
side of  the  sclerotic  than  on  the  outside;  thua  it  presents  a  conical  shape. 
It  is  not  a  single  hole,  but  rather  a  collection  of  sieve-like  openings, 
through  which  the  optic  tubules  pass. 

The  cornea,  which  is  let  into  the  sclerotic  in  front,  is  of  greater  curva- 
ture than  the  sclerotic.  Its  front  and  back  faces  are  paralleL 
Though  it  seems  to  be  pcUucid  as  glass,  it  has  a  very  intri- 
cate coDBtructionj  being  composed  of  at  least  five  separate  layers  ;  tlie 
innermost  one,  or  cornea  proper*  consisting,  it  is  said,  of  more  than  six^ 
lamella!. 

The  choroid  coat  is  arranged,  like  the  sclerotic,  for  the  passage  of  the 
Ths  choTOid  1  optic  nerve.  The  iris  is  commonly  described  as  a  process 
itoawflnec-      of  it.     The  choroid  is  a  sheet  of  blood  capillaries  arranged 

mem  for  ji'itro-    ,  -   i         «  ■  i 

ducicig  mid  re-  in  two  layers,  an  arterial  and  a  venous,  in  euch  a  way  as  to 

mpTingbliwd.  gjy^  jj^g  utmost  freedom  of  access  for  the  arterial  blood  to 
the  retina  within.  The  veins  which  remove  tins  blood  are  pSaced  in 
cun-ed  forma,  and  arc  designated  vasa  vorticosa;  from  the  choroid  also 
the  dark  pigment  is  secreted.  Those  animals  in  which  it  is  absent  at« 
called  albinos.  Near  to  the  iris  the  choroid  merges  in  the  ciliary  liga- 
ment, and  gives  forth  the  ciliary  processes,  being  covered  in  G-oat  by  the 
oili&ry  muscle. 

J^.  199:  a,  a,  section  of  sclerotic  ;  b,  exterior  surface  of  the  choroid, 


The  comcA. 


TBE  mig,  RxrrrNA,  and  huhors. 


385 


on  whicli  me  seen,  c,  c,  the  vasa  vorticoaa;  d-,  d,  cUlary  nerves;  £,  cilinry 

Ugamenta ;  y,  anterior  face  of  iris ;  jf,  pupil. 


yin-  Vif- 


Fiii.  21*. 
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Fig-  300:  n,  «,  exterior  aiirfaee  of  the  choroid  ami  the  iris,  showing  the 
arterial  network  of  these  two  incrabrancs,  supplied  by  the  ciliary  arteries, 
which,  after  having  traversed  tlic  sclerotic,  divide  into,  A,  fi,  posterior  cili- 
ariea  for  (he  choroid,  and  c,  t\  anterior  ciUaries  for  the  iris. 

The  iris,  thoug'b  arising,  aa  has  been  snid,  from  the  choroid,  is  con- 
structed in  a  different  way,  its  tissue  mainly  consisting  of  un-        _ 
striped  muscular  fibre,  except  in  the  case  of  birds,  which  present 
the  striped  variety.      It  xa  extremely  vaiscular,  its  arteries  being  derived 
from  tlie  cilisu-y.     The  color  of  the  eye  depends  on  the  color  of  the  front 
of  the  iris;  the  posterior  portion  is  covered  with  black  pigment. 

The  ciliary  iiiUscle,  for  such  it  lias  been  proved  to  be  by  Dr.  Wallace, 
of  New  York,  is  of  the  ■unatriped  kind;  its  action  ig  to  move  the  lens. 
In  birds  it  ia  of  the  striped  variety. 

The  retina  intervenes  between  the  vitreous  humor  and  the  choroid 
coat;  it  arises  from  the  tubules  of  the  optic  nerve,  which  have  ^. 
cast  on  their  covering  investitures  on  their  ]>as.Bage  through  the 
sclerotic.  It  extends  forward  to  the  ciliary  body ;  is  perfectly  Irane- 
parent  during  life,  though  it  soon  becomes  semi-transparent.  Its  struc- 
tnre,  a  knowlcJge  of  which  is  of  llie  utmost  importance  in  the  theory  of 
vision,  will  be  presently  described. 

In  the  optical  axis  of  the  eye  there  is  upon  the  ret- 
ina a  spot  of  about  the  twentieth  of  an  inch  in  diam- 
eter, called  the  yellow  spot  of  Soemmering.  Its  posi- 
tion 13  shown  in  Fig.  201.  The  entrance  of  the  optic 
nerve  is  at  the  bHnd  spot  which  is  marked  at  some  dis- 
tance on  one  side.  The  Wtreoua  humor  is  contained  in 
veuow  ipot  of  8o«n-  A  delicate  mesh  of  transparent  tissue,  which  Thcvitfwiu 

mcring.  causes  it,  when  removed,  to  present  the  aspect  humor, 

of  a  jelly.  In  front  it  receives  the  crystalline  lens,  which  is  contained 
in  a  closed  capsule.  Kound  the  lens  there  is  a  passage,  known  as  the 
canal  of  Petit,  which  enablea  the  ciliaiv  muscle  to  move  the  lens.     The 
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3^  amaxi.  action  of  the  e^'e. 

analyeis  of  the  vitreoua  bumor  shows  that  it  consists  of  water  conlain- 
vag  about  one  and  a  thirJ  per  cent,  of  common  salt,  with  a  trace  of  al- 
bumen. 

The  crysfallinc  lens  is  a  double  convex  of  unequal  curvatures^  the  an- 
Tha  cryBiaiiiae  terior  surface  being  the  flattest,  the  shape  clinnging  with  the 
teas.  pcrtod  of  life,  as  also  does  the  density  of  its  parts,  its  cen- 

tral portions  being  alwa;i'S  the  most  dense.  In  construction  it  is  ex- 
tremely' complex,  being  made  Up  of  fibres  ranged  aide  by  side,  and  so 
forming  successive  lamina'.  The  fibres  are  about  the  g^jn  1'"^  "f  ^' 
inch  tliick.  The  refracting  power  of  the  lens  differs  at  tlie  centre  and 
circumference:  in  ibe former  region  it  is  greater.  In  chemical  composi- 
tion, the  lens  consists  of  about  fifty-eight  per  cent,  of  water,  and  tlurty- 
Bix  jTcr  cent,  of  a  form  of  albumen  known  as  globulin. 

The  aqueous  humor  fills  Up  tlie  spiiice  between  the  lens  and  the  comea: 

Aqaeaaa  humor    ''  '^  coin|>o8ed  of  Water  containing  about  One  per  cent,  of 

common  i;alt. 

Oftlte  Optical  Action  of  the  Eye. 

It  IB  the  provliii-o  of  the  works  on  natural  philosopliy  to  explain  how. 
K  li  if  '"■''"^"  ravfi  of  liglit  fall  upon  a  convex  lens,  or  upon  cotnbi- 
>mag»  hy  nations  of  such  lenses,  an  image  of  the  object  will  form  at  the 
proper  focal  'Instance.  For  the  purposes  of  physiology',  it  is 
sufficient  to  receive  llii.s  as  a  fact,  wliicli  miiy  be  easily  illuslrat&tl  by  ob- 
serving tiie  images  of  external  objects  depicted  upon  a  Rhect  of  white 
paper  wlicn  a  convex  kiis  or  mngnifying-glasa  is  held  at  a  particular 
distance  betiveen  the  object  and  the  paper. 

In  making  such  an  experiment,  some  other  facta  which  concern  the 

Effect  of  rii^     physiologist  may  be  readily  demonstrated:   Ist.  That  the 

unceoftlii-ob)-  frtt^aL  distance,  that  ia,  the  distance  between  the  lena  and  the 
^ect  aii'l  i-urv-  .  .....  .        ,  .  ,        « 

niate  of  iho      paper,  IS  variable :  it  is  greater  Jor  objects  that  are  near,  Icasl 
'"■"'■  fur  those  that  are  remote;  2d..  That  lenses  of  different  curv- 

atures being  compared  together,  the  flatter  ones  have  the  longest  focus 
for  objects  at  the  same  distance;  3d.  That  lenses  of  the  same  focus,  bat 
of  different  diameters,  give  images  unequally  sharp,  an  intlcKnitenesa  be- 
ing perceived  in  tlic  image  given  by  ibei  lens  of  large  diameter.  ThLi  in- 
distinctness is  due  to  the  spherical  figure  of  the  lens,  and  would  not  liaTc 
^oh^ricni  iind  Occurred  had  the  surface  been  ground  to  another  conic  sec- 
vhromAtii^Abtr'  tion.  It  ig  called  spheric^il  aberration  ;  4lb.  Unless  the 
lens  be:  of  very  long  focu-s,  or  its  aperture  or  diameter  bi» 
very  small,  the  edges  of  the  images  it  yields  will  be  fringed  with  rainbow 
colors,  and  thereby  a  second  cause  of  indistinctness  arises.  It  is  ca21e<l 
chromatic  aberration.  This  aberralion  may  Ijc  destroyed  by  properly 
combining  together  lenses  made  of  difterent  refracting  media,  and  TritK 
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surfaces  of  suitable  curvatures ;  a  combinatJon  in  whicb  this  lias  been  cf- 
Ibcted  is  termed  an  achromatic  lens ;  and  if,  at  the  sanse  time,  by  proper 
aiTflngements,  the  spherical  aberration  has  been  destroyed,  the  lens  is 
termed  aplanatia 

Non'  1lic  aqueous  humor,  as  bounded  by  the  cornea  in  front  and  tbf 
cryalalline  lena  behind,  acts  as  a  eonves,  aud  therefore  con-  LVnverKem 
verging  lens,  and  Jo  thiw  effect  the  crystalline  itself  adds  pow-  mcUiu  uf  iin- 
erfuUy,  the  two  conjointly  causing  tlie  imngca  of  external  ob-  '■''' 
jects  to  form  upon,  tbe  black  pigment.     Tkcac  images  are,  of  course,  in- 
verted. 

The  adjustment  of  the  eye  for  perfect  vision  of  objects  at  different  dis- 
tances is  accomplished  by  the  action  of  the  ciliary  muscle,  j.is„.  ,  ^ 
the  requisite  movement  being  to  draw  the  lens  farther  from  tiitiilUfymua- 
the  black  pigment  wlien  the  object  is  near.  Tiiere  lias  Lecu  * "  "^  '*'""*- 
much  controversy  as  to  the  manner  by  which  this  adjustment  for  dis- 
tance is  effected,  but  it  is  generaJly  noiv  agreed  that  it  is  done  in  the 
manner  just  mentioned.  There  has  also  been  a  difference  of  opinion  as 
respects  the  actual  screen  upon,  wliich  tlie  images  form.  Some  of  the 
early  optical  writers  regarded  the  black  pigment  as  being  xha  wcdving 
that  rcceivintr  surface,  an  opinion  which  has  been  universal-  ^^i-en  u  thu 

I        ,         1         i      1       .■  ■        1       ■         t  f  1  -1  I  liliii:k  p^C"i*'n!. 

ly  abandoned,  the  lunction  having  been  or  iate  attributed  to  anduotibecei. 
the  retina,  but,  as  it  appears  to  me,  on  totally  insufficient  '""■ 
grounds.  The  arguments  against  the  retina,  both  optical  and  anatom- 
ical, are  perfectly  unanswerablo.  During  life  it  is  a  transparent  medium, 
as  ineapablc  of  receiving  an  image  as  a  sheet  of  clear  glass,  or  tlie  at- 
mospheric air  itself;  and^  as  will  presently  be  found,  when  we  come  to 
describe  its  structure,  Ita  sensory  surface  is  ila  exterior  one,  that  is,  the 
one  nearest  to  the  choroid  coat.  But  the  black  pigment,  tVom  its  perfect 
opacity,  not  only  completely  absorbs  the  rays  of  light,  turning  them,  it' 
such  a  phrase  may  be  used,  into  heat,  no  matter  how  faint  they  may  be, 
but  also  dLscharges  the  well-known  duty  of  darkening  the  interior  of  the 
eye,  and  therefore  preventing  indistinctness  through  the  straynig  of  the 
mys  of  light,  Peri'ection  of  vision  requires  that  tliie  images  should  form 
on  a  mathematical  superficies,  and  not  in  the  midst  of  a  transparent  me- 
dium.    The  black  pigment  satisfies  thnt  condition,  the  retina  docs  not. 

Spherical  aberration  is  compensated  for  partly  by  ihe  increasing  dens- 
ity of  the  lens  toward  its  centre,  and  partly  by  the  action  pn^t^iino  (,„ 
of  the  iris,  which  stops  such  rays  of  light  as  are  at  any  con-  B|ji>cri.:uiuiwr. 
siderable  distance  from  the  axis  of  the  eye,  acting  in  the 
same  manner  as  a  perl'orated  plate  or  diaphragui  in  ordinary  optical  in- 
struments. 

It  does  not  appear  that  there  is  any  attempt  at  correcting  the  chromat- 
ic aberration  of  the  eye,  though  it  is  popularly  supposed  that  the  cornea. 
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-.        ,-    I.    the  aqneons  biunor,  ttie  lens,  and  the  ritreoua  bnmor  act  to- 

omticin  u  uD-  gctlicr  in  tlic  uame  mann^  as  tiie  diflereiit  pieces  ofglaaa  ui 
'""'"■'     *  an  achromatic  arrangcinen t.    (Optical  reasons,  however,  found- 

ed upon  the  conslitution  and  refractive  poivera  of  those  Bulistances,  leail 
UB  to  abandon  that  view,  and  in  a  theoretical  respect  to  regard  the  eye 
as  impert'ect  in  this  partictilaif. 

Adjustment  Ibr  the  variable  intensity  of  light  is  effected  by  the  dilata- 
...  .     tions  and  contractions  of  tlm  iris,  the  pupillary  oj)ening  of 

ihsinicnaiiy  whJcb  varies  from  the  ^  to  the  J  of  an  inch  in  diameter. 
«»  Btwtu.  -^^  arelhu9  enabled  to  bring  lo  the  siiinc  dt-gi-ce  of  illumin- 
ating effect  upon  ibe  retina  lights  which  difler  in  brilliancy  in  the  pro- 
portion of  one  to  forty-Hve.  The  means  by  wliich  this  is  accomplished 
will  be  more  particularly  described  when  wc  speak  of  the  nervous  mecl^ 
uatani  of  the  eye. 

It  has  been  already  observed  that  the  actual  Held  of  view  at  a  given 
moment  is  quile  limited.  Wc  arc  liable  to  deceive  ourselves  on  this 
point  from  the  rapidity  with  which  the  eyeball  can  be  directed  lo  differ- 
ent parte  in  Bucccaaion. 

In  what  has  been  said,  reference  is  made  to  a  perfect  eye;  but  imper- 
tiojisuniJ  eiiort  fcctions  arc  very  common.  Two  may  be  more  particularly 
wmHion'uy''^  pointed  out — long-gightedness  and  Bhort-sightedneaa.  In 
ipectauic's.  tlic  fomier,  objccts,  to  be  eeen  distinctly,  must  be  placed 
fiirther  off  tlian  the  Uisual  distance ;  in  the  liitler  they  must  be  brought 
nearer.  Long-sightedness  arises  from  the  flatness  of  tiie  lens  or  cornea. 
BO  tlial  the  foeal  iniagee  given  do  not  fall  truly  on  the  bl;ick  pigment,  bul 
would  be,  at  a  certain  distance,  exterior  to  it;  hence  the  indistiucmeas 
that  results.  Short-sightedness  is  due  to  an  excess  of  curvature  in  tJie 
cornea  or  lens,  the  rays  forming  their  focal  imngca  before  the  black  pig- 
ment is  reached.  The  former  defect  may  be  removed  by  the  use  of  con- 
vex lenses  as  spectacles,  the  latter  by  concave.  It  is  often  said  (hat 
fihort-sightedneas  is  a  defect  of  early  life,  long-sightedness  of  old  age. 
However  this  may  be  in  anotlier  respect,  it  is  not  so  optically.  Indeed. 
cases  sometimes  occur  in  whicJi  one  eye  is  affected  with  the  former  and 
the  other  with  the  latter  difficulty.  Very  frequently  the  two  eyes,  com- 
{lared  together,  will  be  fonnd  differently  advanced  in  their  degree  of  im- 
perfcclton,  and  hence  the  difficulty  of  obtaining  a  pair  of  spectacles, 
though  the  selection  ia  attempted  to  be  made  out  of  a  large  assortment. 
(n  such  cases,  ca€li  eye  should  be  accommodated  with  a  jens  to  suit  it- 
self. 

Compared  with  the  organ  of  hearings  the  eye  is  much  more  limited  in  its 
LlmiiofvieioD  acliou  :  for,  wiiilc  thp  car  can  distinguish  sounds  which  v«rj 
«  one  4KUVC.  through  many  octaves,  the  eye  can  only  perceive  vibralioziM 
which,  to  use  the  langu^e  of  acoustics,  differ  by  a  single  octave  only. 
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To  one  octave,  therefore,  ita  range  is  litinteil.  The  extreme  red  ray,  whicli 
18  emitted  by  a  subBiance  just  becoming  red  hot  at  a  temperature  ot* 
1026°  Fahr.,  and  wldcb  ia  the  least  rrfrnng^'ible  thist  can  affef^t  the  eye. 
is  C3»sed  by  vibrations  that  are  exactly  halt"  as  frequent  as  the  cxtjenn' 
violet  ray  emitted  by  the  ann.  It  is  important,  in  the  explanations  wc 
are  giving,  to  understand  that,  in  a  jierfect  solar  spectrum,  the  distribution 
of  tlio  colorwl  flpaces  is  totally  different  from  what  it  is  in  the  case  of  the 
prismatic.  Tn  such  a  speclnini,  as  produced  by  the  interference  of  rays 
passing  througli  a  snrfiice  of  glass  on  which  liave  been  ruled  with  a  point 
of  a  diamond  parallel  lines  the  yjf^rjnr  o(  an  iticii  apart,  the  yellow  occu- 
pies the  middle  region,  and  from  this  the  light  grades  oflT,  terminating  at 
equal  distances  wilk  the  extreme  red  en  one  sid«  and  the  extreme  violet 
on  the  other.  The  circumgtanecs  of  such  an  experiment  prove  that,  the 
wave  length  for  the  red  light  l>cing  compared  with  that  for  the  yellow. 
and  also  for  that  of  the  violet,  they  bear  to  one  another  tlie  estraordi:iary 
and  simple  relation  of  1,  Ij,  2,  establishing  the  assertion  just  made. 
that  the  extreme  Umit  of  perception  of  the  eye  U  comprised  in  a  fiinglc 
octave. 

I  may  refer  to  the  experiments  published  by  myself  on  this  point,  and 

also  til  those  Ijotli  antecedently  and  subsequently  publiabed  „    , 

,      -.,,,„..  ^    ^  ,  ,■   ,-1.      ^   ,  ,     ,     -   Thohcmofihi' 

by  jtL  Mplloni,  in  jjroof  of  the  unreltabihty  of  the  method  of   ct^lnrrii  rays  1- 

examining  iJie  solar  ppectnim  by  the  prism  in  tlio  manner  !"  ['/"■'"'■''n  "" 
intraduced  by  Newton.  More  paxticiihirly  to  the  (hscuspion  rainniingpflw- 
now  before  na  does  this  remark  apply ;  tor  the  prism,  as  "" 
may  lie  gathered  from  what  ban  just  been  said,  spreads  out  the  colors  of 
light  nnduly,  and  gives  false  indications  respecting  the  distribution  of 
heat.  There  can  now  remain  no  doubt,  although  the  prism  indicates  the 
contrary,  that  the  yellow,  or  brightest  ray  of  light,  is  the  hottest,  and 
that  the  wanning  power  of  the  others,  orange,  green,  itc,  follows  in  the 
order  of  their  luminous  intensity.  "When  wo  have  Jinished  a  descrip- 
tion of  the  nervous  mechanism  of  the  eye,  we  sliaH  find  that  the  expW 
nation  of  its  fimction  turns  on  the  admission  of  this  fact. 

The  eye  is  limited  in  another  respect ;  it  can  not  simultaneously  com- 
pare lights  which  differ  from  one  another  in  brilliancy  If  the  Limii  in  iTie 
one  should  be  upward  of  tU  times  as  bright  as  the  other,  ti^^'^i^^^'iaai 
The  more  luminous  overpowers  or  extinguishes  the  feeblet.  ofiii^hcs. 
We  can  not  sec  the  light  of  a  candle  if  we  hold  it  up  against  the  sui^  1 
may  again  refer  to  the  esperiTiienta  T  h,ive  pul'lished,  establislting  that 
upon  this  fact  is  founded  tho  most  exact  method  of  photometry  yet 
known. 

2d.   Of  the  Hervom  Mechanism  oftfts  Eye. 
In  the  preceding  description  it  was  stated  that  the  retina,  commonly 
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described  as  an  cjtpansion  of  the  optic  nerte,  mtervcnes  between  the  vil- 
Kons  humor  and  tlie  choroid  coat. 

Regarding  it  nH  composed  of  distinct  layers,  the  hinerniost  of  which. 
CoMiniciion  in  tiontiict  with  thc!  hyaloid  nipmbrane-,  ie  called  the  fibrouft 
md  JaT^li'"  K'^y  ^^y^'''  irises  from  the  tubules  of  the  optic  nerve,  which 
meniVrniie.  have  Cast  off  the  white  substance  of  ScJiwann ;  and  in  pass- 
ing, we  may  dwell  emphatically  uixin  thc  point  that  at  that  spot,  where 
it  exists  alone,  that  is  to  say,  whejre  the  optic  nerve  is  cnta-ing  the  eye, 
vision  can  not  be  performed.  Bcueath.  or  outjuide  this  librous  hiyer» 
comea  the  gray  vesicular  layer:  it  is  analogoua  to  the  vesicular  matter 
of  the  brain.  Tlu-  two  layers  thus  far  described  an;  served  with  capillary 
blood-vessels  of  extreme  minuteness.  Outside  of  the  gray  vesicular  lay-, 
cr  is  the  gianular  layer,  winch,  as  its  name  itnporta,  consisils  of  a  conge- 
ries of  granules,  which  are  probably  the  origJTi  of  the  vesicles,  new  ones 
writing  from  this  layer  eontinually.  Yet  again,  outside  of  the  granular 
layer,  cornea  a  delicate  sheet,  known  as  the  mcinbtane  of  Jacob,  but  wliich 
ia  formed,  in  reality,  from  the  juxtaposition  of  a  set  of  rod-shaped  jtiid 
t'onical  bodies,  tE»e  thicker  ends  of  the  roils  being  outward,  the  thinner 
inward. 

>■'■'-«-  Mff.  202  shows  the  partial  detachment  of 

the  membrane  of  Jacob  from  the  exterior  of  the 
retina.  The  membrane  appears  as  delicate 
shreda,  and  may  be  advantageously  deuion- 
ilrated  after  t!ic  removal  of  the  choroid,  the 
*]»eciineii  being  placed  under  water. 

In  thc  preceding  deaci'iption  1  have  followed 
the  course  usually  taken  by  former  anatomists, 
who  describe  the  retina  as  consisting  of  suc- 
cessive layers  or  strata,  but  much  more  philo- 
t  n*  ,t.enii.  sophical  views  arc  obtained  by  conaidering  it  in 

the  manner  introduced  by  II.  Miillcr,  that  is  to  say,  in  its 
radial  section.  IVotn  this  it  appears  that  the  four  strata 
above  mentioned,  viz.,  1.  Jacob's  layer  of  rods  and  conea  ;  2. 
TIiO  granular  layer;  3.  The  vesicular  layer;  4,  Tlie  fibres  of  the  optic 
Tierve,  are,,  in  reality,  all  connected  iti  such  a  way  that,  passing  in  a  radial 
tlirectiou  a&  respects  the  globe  of  thc  eye,  allthcac  dtfterent  clenientB  arc 
successively  combined,  constituting  what  is  termed  the  radiated  fibre 
system.  Tlius  from  each  of  the  proper  tibrca  of  the  optic  iier\'c  a  tliread- 
lUduifibn  ^'^c  body  passes  radially  through  the  thickness  of  the  xettoa, 
oystcm.  including  in  its  outward  passage  a  vesicle,  and  again,  beyond 
that,  A  granule,  and,  still  farther,  a  cone,  and  terminating  in  a  rod ;  so 
that  from  the  extremity  of  the  rod  there  is  a  continuous  communication 
through  tlic  thickness  of  the  retina  to  the  fibres  of  the  optic  nerve;  the 
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rods  are  therefore  to  be  regarded  as  the  termination  of  the  optic  fibres. 
[n  thti  opinion  of  Hutler  Hnd  KuUiker,  ttie  rods  and  cones  composing 
Jacob's  murabrane  are  the  tnie  perc-ipknts  of  light,  cominiuii eating  their 
condition  to  the  librea  of  th«  opti«  nerve  by  moatis  of  iJie  connection 
which  they  tims  maintain  with  it ;  or,  perhaps,  the  rods  and  conea  are 
conductors  of  the  hmiinous  impreaaions  to  the  nerve-cella  of  the  rctiiia, 
which  constitute  a  ganglion  capable  of  perceiving-  light,  and  the  fibres  of 
the  optic  nerve  merely  communicate  those  impressions  to  the  Bensorium. 

Whichever  of  these  descriptions  we  may  follow,  the  physiological  fact 
which  I  desire  to  pi-esent  with  emphusls  still  ren^ains  the  same.  It  iB> 
that  the  sentient  or  receiving  part  of  the  retina  is  the  posterior,  thai 
which  is  in  contact  with  the  black  pigment. 

The  second  pair  of  nerves,  from  whicli  the  retina  la  thas  derived,  are» 
from  their  function,  designated  tJio  optic  ncrvea.  Thoy  do  xhe  apVit 
not  enter  the  sclerotic  in  its  optical  axia,  bnt  at  a  little  dia-  "'^■■vcs:  their 
tance  on  one  side,  and  obbqoely — a  provision  doubtless  in-  i,iis.«i(rp  to  th.- 
tended,  in  a  meaBure,  to  avoid  the  occurrence  of  the  blind  ^^'^"*- 
spot  on  the  centre  of  the  field  of  vision,  and  to  place  it  unsymmetrically 
in  the  two  eyes,  eo  that  each  eye  shall  compensate  the  defect  of  the  oth- 
er. The  nerves  from  each  eye  converge  to  their  chiasm,  which  is  a  coni- 
missLire  conelnting  of  three  diBtinct  aystema  of  labulcs — an  anterior  set. 
which  are  commissures  between  the  two  retina?,  a  posterior  set,  eommis- 
gures  between  the  two  optic  ihalami,  and  an  interior  jwt,  the  proper  tu- 
bules of  the  O'ptic  nerve,  which  cross,  those  irom  the  right  eye  going  to 
the  left  side  of  the  brain,  and  those  from  ibe  left  eye  going  to  the  right 
side  of  the  brain.  The  ciiiasm  is  tlierefoirc  to  be  regarded  as  a  complex 
structure,  its  posterior  region  being  independent  of  the  other  parts,  and 
existing  in  animals  in  which  the  optic  ncr^'C  is  not  found,  as,  for  exam- 
ple, in  the  mole. 

Sesides  the  optic  nerve,  which  is  exclusively  the  nerve  of  vision,  the 
collateral  partes  of  the  eve  are  sntmlicd  from  various  sources.  ..        .    . 

Tit         1  ■     1         ■  1  ^s^vestD^nl 

Lhe  third  pair,  or  motores-oculoruin,  supply  the  superior,  in-  ^v«--b*ll  tpd 
tetlor,  and  internal  recti  muscles,  the  inferior  oblique,  and  the  *"°*'"=''  I'""*- 
levator  palpebral.  The  fourth  pair,  or  pathetici,  supply  the  superior  oh- 
Uquc  or  trochlear  muscles.  Uf  the  fifth  piiir,  supplies  are  derived  from 
the  frontal  branch,  lachrjTnal,  the  ciliary,  and  the  infra-trochlciir.  The 
dixth  pair,  or  abducent,  pass  to  the  external  recti :  supphes  are  alsu  de- 
rived from  the  sympathetic.  Of  these  nerves,  the  functions  are  very  va- 
rious ;  some  arc  for  the  movement  of  the  ball,  or  for  generiil  sensibility 
of  the  surface,  or  for  the  moveinetits  of  the  cydids,  or  for  those  of'  the  iris, 
and  some  for  the  lachrymal  apparatus. 
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Of  the  Funetmn  of  tfie  ^nrvtnm  Mechanism  of  the.  Eye* 
The  reasons  have  already  been  given  foT  considering  that  ii  is  the 
Tie  i.u.k  [.iK-  black  pigment  whiich  acta  as  the  receiving  or  optical  screen^ 
"■«"'•  ■"''  '"■'  and  not  the  retina.  If  no  othCT  argument  was  adduced  for 
lU  ncciiini;  departing  from  the  opinion  uaiially  expres3cd,  which  attrib- 
""*•"-  utcs  this  function  to  the  retina,  tlie  thickness  of  ihat  strac- 

tture  wotjd  be  sufficient ;  images  can  otUy  form  with  precision  or  sharp- 
ness upon  an  abrupt  surface.  -Vnd  since  it  is  now  indisputably  asc^r-i 
tairied  that  both  the  chemical  effect  and  the  heating  effect  of  the  rars  ofl 
light  def(«iid  upon  their  absorption,  those  effects  being  in  direct  propoi 
tion  to  the  compJetenesa  with  which  absorption  is  taking  place,  we  or* 
JDStified  in  inferring  that,  since  the  eye  is  sensible  to  rays  of  so  low  A 
degree  of  intensity,  and  to  each  of  the  colored  one*  equally,  it$  sci«eii  of 
reception  must  not  only  be  a  euperiicies,  but  likewise  a  black  one.  8uc 
a  surfa<:e  the  block  pigment  i^.  In  the  case  of  albino:',  and  animals  ii 
which  the  black  pigment  ia  imperfectly  developed,  the  receiving  surfac 
or  Bcreen  ia  etill  the  interior  of  the  choroid.  Under  such  circumalancea, 
viflion  mn^X  \yc  indiiftinct. 

Recalling  what  haa  been  Baid  respecting  the  diflfiise  sensibility  of  the 
lloulnK  cBWrt  lower  members  of  the  animal  scries  to  light,  and  the  stme- 
r-ftihefigmtnt.  tui^  of  ocelli,  it  accords  well  therewith  to  consider  that  the 
primary  effect  of  the  raya  of  light  upon  the  bliick  pigment  is  to  raise  its 
temperature,  and  this  to  a  degree  which  ia  in  relation  to  their  intensity 
and  intrinsic  color;  light  which  is  of  a  yellow  tint  exerting,  as  haSi 
been  said,  the  most  energetic  action,  and  rays  which  correspond  to  x\ 
extreme  red  and  the  extreme  violet  the  feeblest.  The  varied  images  of 
external  objects  which  arc  thus  painted  upon  the  black  pigment  raise  its 
temperalme  Jn  becoming  extinguished,  and  that  in  the  order  of  their  brill- 
iancy and  color;  the  pigment  thug  discharging  a  double  duty,  as  a  sur- 
face of  extreme  sensibility  for  caloritic  impressions,  and  also  as  darken- 
ing tlie  interior  of  the  glol>e. 

In  this  local  disturUance  of  temperature,  in  my  opinion,  the  act  of 
M«iner<^p<.r.  "^^ion  Commences,  this  doctrine  being  in  perfect  harmony 
.■•piion  by  ih«  with  the  anatomical  structure  of  the  retina,  the  posterior 
Surface  of  which  is  ita  sensory  Surface,  and  not  the  anterior, 
na  it -ought  to  be  if  the  explanation  usually  given  of  the  nature  of  vision 
is  correct ;  and  therefore,  as  when  we  pass  the  tip  of  the  finger  over 
I  he  surfaces  of  bodicB.  and  recognize  warm  and  cold  spaces  thereupon, 
the  same  occurs  with  infinitely  more  delicacy  in  the  eye.  The  dnb- 
shaped  parlictes  of  Jacob's  membrane  are  truly  tactile  organs.  wIiicTi 
rommunicatp  tn  the  sensory  surface  of  the  retina  the  condition  of  lero- 
perature  of  the  black  pigment. 


rnoTocvRArHic  eelation3  op  th£  eye. 


393 


But  tlus  comTnunication  of  a  vanation  of  temperature  impLtca  &  varia- 
tion in  the  waste  and  repair  of  the  retina  itself,  for  there  can  be  no  doabt 
that  all  such  changes  are  accelerated  by  r\n  increase  of  licat,  and  dimin- 
ished by  its  decrease  And  though  in  this  manner  the  origin  of  the  ac- 
tion which  has  been  set  up  is  calorific,  and  therefore  physical,  it  imme- 
diately becomes  converted  into  a  physiologicul  equivalent  in  the  meta- 
morphosis and  destruction  of  a  nervoim  tissue. 

The  eye  can  not  perceive  rays  which  come  from  a  lurainous  source 
the  temperature  of  which  ia  lower  tiian  IO(lU°F..  for  such  rays  can  not 
pHB3  tLpougli  a  stratum  of  water  or  through  the  humors  of  the  eye. 
Natural  philo30pher3+  in  making  a  distinction  Ivetwcen  light  and  heat, 
have  too  often  overlooked  the  fact  that,  though  therjiiometers  are  sensi- 
tive to  rays  of  every  sort,  the  eye  is  not.  Its  Indication^  are  complicated 
by  the  necessary  introduction  of  absorbent  media,  which  stop  all  ray;^ 
the  rcfrangibility  of  wliieli  ia  low. 

Many  years  ago.  Count  Rumford,  from  a  limited  examination  of  eases. 
concluded  that  all  photographic  etiects  are  the  ofleet^  of  Plioiof.'miiliJc 
a  high  tempcraturo.  From  an  examination,  continued  for  J*^"f'^h[Li 
many  ye^irs,  of  iiumerong  phenomena  of  the  same  class,  which  lemiierwure. 
have  since  been  described,  I  have  come  to  the  same  conclusion.  The 
impinging  of  a  ray  of  light  on  a  point  raises  the  temperature  of  that 
point  to  the  same  degree  aa  that  possessed  by  the  source  from  which  llie 
ray  comes,  but  an  immediate  descent  taken  place  through  conduction  t" 
the  neighboring  particlcH.  This  conducted  heat,  by  reaaon  of  its  indei- 
inilcly  lower  intensity,  ceases  to  have  any  chemical  effecl,  and  licnec 
photographic  images  arc  perfectly  sharp  on  their  edges.  It  may  be  dera- 
on3lratcd  that  the  same  thing  takes  place  in  vision,  and  in  thia  reapect 
it  might  almost  be  said  that  vision  i.s  a  photographic  effect,  the  rceeiving 
Borface  being  a  mathematical  auperlicics,  acting  under  the  preceding  con- 
dition. All  objects  will  theretbre  be  definite,  and  sharply  ilefined  upon 
it,  nor  can  there  be  any  tiling  like  n  lateral  spreading.  If  vision  took 
place  ill  the  retina  as  a  receiving  medium,  all  objects  -would  be  nebulous 
on  the  edges.  This  sharpneng  jind  !37ading  off  are  happily  illustrated  by 
tlie  nietnl  dagiirrreotvpe  and  ji.'ipcr  photograph  respectively. 

Perlmpfl  it  might  be  thought  that  the  sharpnefis  of  impressions  upon 
collodion  or  albumen  stands  in  opposition  to  what  is  here  Abwrpti*nii«- 
said  respecting  the  inefficiency  of  translucent  media.  Those  [.^l^hi'J  J,l."^ 
substances,  however,  would  be  totally  inert  unless  there  had  Lion. 
been  purjioaely  mingled  with  them  some  compound  of  easy  decompoai- 
bilily,  capable  of  abeorbing  the  blue  raya,  •which  arc  in  these  cases  the 
effective  photographic  ones.  Such  a  compound  tnust  commonly  be  of  a 
yellow  color.  In  these  substances  the  absorption  takes  plaee  with  cn- 
ei^  the  moment  the  light  has  entered  their  surface.     In  the  Philogoph- 
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leal  Miigazine,  September,  1S40, 1  have  given  proofs  tliat  the  essential 
conditiorL  of  the  cliemical  activity  of  a  ray  of  light  ie  ita  being  thus  ab- 
sorbed. As  an  illustration  may  be  given  the  wcU-kiiown  re&nh,  that  if 
chhwiiic  and  liydrogcn  be  exposed  to  the  aun,  tlicy  unite  witb  a  violent 
explosion,  but,  under  tho  same  circumstftticea,  osygen  and  hyd/ogcn  will 
utterly  refuse  to  unjle,  no  matter  how  long  the  period  of  exposure  may 
be,  nor  what  the  brllhancy  of  the  light ;  und  tlic  diUcrcnce  in  tbe  tvro 
cases  is  merely  this,  that  the  chlorine,  being  of  a  yellowish  color,  can  ab- 
sorb the  violet  light,  and  therefore  be  influenced  by  it ;  but  the  oxygen, 
being  uncolored,  can  not*  For  photographic  effects,  as  well  as  caloritic, 
the  essential  condition  is  absoTption.  A  medium  like  the  retina,  which 
is  without  absorbing  action,  pennila  rays  to  pasa  tbrough  it  without  any- 
kind  of  i'flect,  but  a  Durlace  like  the  black  pigment,  which  reixives  IIicoj 
all  enually,  whatever  llieic  color  may  be,  and  absorbs  them  all  equally, 
is  etjimlly  afU'ectcd  by  them  all. 

The  impression  arising  from  the  disturbed  condition  of  tlie  retinal 
I'liniiiflnorHio  vesicles  ia  carried  by  tlie  optic  tubules  to  tbe  chiasm  of  the 
iwotiiicna^v-  two  nerve*.  Apart  from  the  £«^neral  facta  elsewhere  pre- 
rsntiiiniictiio-  senteU  by  physiology,  tuc  existence  of  a  bhnd  spot  at  thr- 
'*"'■  entriince  of  the  optic  nerve,  where  there  is  a  neceasarj'  ab- 

sence of  vesicular  stnictnre,  is  a  clear  proof  of  the  insensibility  of  the 
tubular  structnro  to  the  influence  of  light.  Considering,  therefore,  the 
retina  as  typically  composed  of  three  layers,  one  of  tubules,  one  of  vesi- 
cles, and  one  of  granidcSj  and  these  in  health  being  perfectly  transparent, 
the  luminous  beams  ]>as3  through  them  just  as  they  do  through  the  at- 
mosphere, without  exerting  the  sligbtCat  etl'ect ;  ajld  aS,  wlit-n  those  rays 
BtrLke  the  opaque  surface  of  the  earth,  Or  are  absorbed  by  the  sea,  heat  is 
disengaged  and  effects  ensue,  so  likewise,  when  they  have  reached  the 
black  pigment,  the  changes  I  have  been  designating  arise.  The  vefiic«- 
lar  layer  undergoes  rapid  metamorphosis,  the  eflbct  of  that  change  is 
tranf^nutled  by  the  tubular  layer,  and  in  the  grtinidar  the  germs  are  eon- 
atantly  arising  from  whicli  the  waste  of  the  middle  layer  ia  repaired*  So, 
therefore,  the  tubular  layer  is  for  conduction,  the  vesicular  layer  for  waste, 
the  granular  layer  for  repair;  and  now  appears  tlic  f-igtuticanco  of  the 
construction  and  proximity  of  tlic  choroid  coat,  for  tliL  Avaste  fif  the  ve- 
sicular layer  can  not  occur  save  imder  tbe  oxidizing  inSueuce  i^f  the  ar- 
terial blood,  nor  can  the  nutrition  of  the  grfuuUar  layer  be  accomplished 
except  under  the  Bame  condition.  Moreover,  tbe  i-esulting  products  of 
waste  require  to  Ixi  quickly  removal,  and  it  ia  not  poesible  to  conceive 
the  construction  of  an  arrangement  better  adapted  for  this  triple  object 
than  that  which  the  choroid  presents.  On  the  old  view  of  the  nature  of 
vision,  tlie  construction  of  tlic  choroid  seems  to  be  without  significance. 

The  analog)'  between  the  mechanism  of  the  retina  and  that  of  the 
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skin,  so  fai-  as  waate  and  restoration  arc  concerned,  can  not  fiul  to  be 
noticed. 

Tiie  effect  which  has  tlius  Iwen  communicatied  to  tlie  vesicular  Isjer 
of  the  rcliiia,  throueh  the  intenention  of  Jacob's  rods  and  ,  . 
conea,  is  now  carried  along  the  nervoas  tubules  out  of  the  Qrihuri^'in  unii 
f^lobe  of  the  eye.  The  nerves  from  each  eye,  converging,  ""'  ''^'''' 
encounter  one  another  at  the  chiasJii,  the  triple  structure  of  which  has 
already  been  described.  Here  it  is,  howevei,  to  be  underatood  that, 
■B-hilc  tlif;  jiroi^)cr  optic  tubules  of  the  right  eye  go  to  the  left  brain,  and 
of  (he  left  eye  to  the  right  brain,  the  anterior  band  of  commissurttl  tu- 
bules brings  the  tvro  eyes  into  a  spetial  relation  with  ono  another,  thi? 
right  Bido  of  one  eye  t-orre-':i[.K) Tiding  with  tlic  nght  of  the  other,  and  the 
left  wi(h  tJie  left ;  or,  to  put  the  same  statement  under  a  more  simiilc  yet 
more  insJrncLive  form,  the  outer  side  of  one  eye  corret^ijonds  with  the  in- 
ner of  the  other,  and  in  this  manner  the  two  retinii;  bet^onie  as  if  thev 
were  virtually  incised  the  one  ■witliin  the  shell  of  the  other,  an  an-angie- 
inent  which  obviously,  as  has  been  already  remarked,  compensates  in  a 
degree  for  the  blind  s]»t  of  each  eye,  anth  indeed,  eliminates  the  tflect  qf 
:iill  accidental  ii-rcgularilies,  for  munbexleas  such  irrcgnUrities  must  exist, 
there  Ijeing  a  necessity,  for  example,  that  blood-veasels  should  cross 
through  the  sensitive  to  the  conducting  structures,  and  such  blood-ves- 
sels give  ri-i^e  to  lines  of  inertness. 

From  this  commissural  arrangement  it  comes  to  pass  that  each  retina 
possesses  regions  of  symraetrj-  with  the  other,  and  on  this  fti„g|e  and 
ninglen^s  of  vision  depends;,  each  point  of  the  outer  portion  douWo  viaiDn. 
of  the  retina  of  the  right  eye  has  ilia  point  of  symmetry  in  an  inner  portion 
nf  the  left,  and  when  from  a  distant  object  iraye  tall  ou  these  symmetrical 
points,  that  obj'^ct  will  be  seen  single  ;  but  if,  by  the  pressiu-e  of  the  hn- 
rer  or  otherwise,  we  compel  the  image  to  fall  iu  one  of  the  eyes  upon 
another,  and,  therefore,  non -symmetrical  point,  the  object  at  once  becomes 
double.  It  siiould  be  remarked  that  this  exchange  of  symmetry  concerns 
only  the  lateral  divijiiona,  for  the  upper  portion  of  one  eye  corresponds 
ivitli  the  upper  portion  of  the  other,  and  the  lower  with  the  lower. 

If  the  view  which  I  have  presented  respecting  the  scalai  of  the  laby- 
rinth of  the  ear  be  correct,  that  ainguhr  structure  finds  its  Ansiofivie- 
oquivttlent  in  the  black  pigment  of  the  eye;  for  tliough  we  iweeniliif»cB!r 
only  know  in  an  indistinct  manner  the  physical  condition  of  *"'  P^tfint""- 
black  opacity,  wo  may  be  certain  lliat  it  arises  Irum  total  interference  of 
rays,  and  such,  it  is  presumed,  la  the  office  of  the  scohe  of  the  ear. 

Impressions  made  upon  the  retina  do  not  disappear  instantly,  but  grad- 
ually fade  away,  and  in  so  doing  occupy  a  certain  period  of  u,„(„ig,j  ^{ 
time,  which  varies  with  the  brightness  of  the  original  light,  the  imprr-ssioDF 
existing  condition  of  the  eye,  and  the  illumination  to  wliich  it 
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IB  exposed.  This  duration  of  iinpres&ioii&  is  commonly  estimated  at 
about  one  third  of  a  second.  It  13  a  phenomenon  analogous  to  that  of  the 
continuftnce  of  sound  in  the  ear,  and  Bubservea  an  important  purpose  of 
keeping  vision  continuous  and  distinct  during  the  winking  of  tin;  eyelids. 
Coinnionly  it  IS  illustrated  by  reJerring  to  tlie  familiar  experiment  of  o 
stick  ligUled  at  one  end  nnd  twirled  rapidly  round,  which  g^vea  rise  to 
the  appearance  of  a  continuous  tiery  circle.  Many  ingenious  and  interest- 
ing toys,  such  as  the  tUanmatrojie  or  wonder-turner,  act  on  this  prindple. 
When  the  eye,  particularly  after  a  period  of  repose,  as  when  we  firal 
ficiilnr  -.pLntra  wokc  in  thc  moming,  is  turned  to  the  window  or  gome  bright 
ml^un-'td-  '"g^ti  ^nd  ^1'^"  closed,  a  spectral  impression  is  for  a  long 
fiTs.  time  presented  to  the  mind.     If,  instead  of  closing  the  eye» 

after  looking  at  a  bright  light,  they  arc  directed  to  some  white  surfaeoi  a 
dai'k  g]iectral  appearance  of  the  luminous  object  is  seen.  The  esplana- 
tion  of  this  is  evidently  thiit  thoa.p  parts  of  the  retina  which  have  jnsi 
undergone  change  are  less  tit  to  be  acted  upon  by  thc  more  moderate 
light  to  which  tliey  are  now  exposed  than  those  which  have  hitherto  been 
unaftectcd.  Under  similar  circumstances  arise  what  are  termed  comple- 
mentary colors.  Thus,  if  we  intently  regard  a  red  wafer  on  which  the 
Sun-rays  are  brightly  shining,  and  then  turn  our  eyes  away  to  a  feeblv 
illuminated  white  wall,  a  green  spectre  of  the  wafer  will  be  seen ;  and  bo 
of  other  colors.  The  complementary  tint  is  that  color  which,  added  lo 
the  original  one,  forms  while  light.  The  explanation  of  ihcse  colored 
apectra  dejwnds  u[w:>n  the  principle  just  mentioned. 

There  have  been  few  optical  problems  more  warmly  contested  than 
that  of  erect  vision.  Thc  image  at  thc  bottom  of  the  eye  is 
inverted,  bttt  we  see  the  object  upright.  Some  have  supposed 
that  we  really  see  things  upside  do'mi,  but  have  leRmed  to  correct  thc 
error  by  tlie  sense  of  touch.  Doubtless  the  true  explanation  is  to  b<- 
found  in  the  anatomical  constniction  of  the  eye.  It  should  be  borne  in 
mind  that  there  is  a  very  wide  difference  between  (he  image  formed  at 
the  bottom  of  an  eye  as  we  took  at  it,  and,  if  such  an  expression  mar  W 
naed,  as  the  eye  itself  looks  at  it.  We  see  it  from  behind,  thc  retin? 
flees  it  from  the  front.  Or,  to  put  the  statement  perhaps  more  clearly, 
it  is  one  thing  to  look  at  the  images  on  the  ground  glass  of  a  camera  ob- 
scora  irom  beliind  the  instrument,  and  another  to  see  them,  as  it  were, 
from  the  interior  of  the  I)OX.  The  two  positions  are  upon  the  opposite 
sides  of  a  vertical  axis,  round  which  we  may  consider  that  we  have  tum- 
ed,  and  hence  thc  lateral  inversion  is  cnrrectcd.  That  portion  of  the  im- 
age which,  seen  from  Ijchind*  was  on  the  right  of  tlie  spectator,  is  on  his 
left  if  seen  in  front.  A  similar  event  must  ensue  in  the  case  of  the  ret- 
ina. As  we  have  seen,  it  is  its  posterior  face,  looking  at  the  black  pfg- 
ment,  which  is  its  sensitive  surfuce.     It  sees,  as  it  were,  looking  bnck- 
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ward,  Lut  not  fonvard^  and  lience  there  arises  a  correction  for  j^     , . 
the  laU'ral  inversion.     This,  of  course,  implies  the  esjeteiice  «iou  lomrcted 
ofeonic  fitructural  arrangement  which  shall  either  ccMTcsjMjnd-  «  "  i  «, 

ing^ly  correct  liie  vertical  inversion,  or  bring  haclt  tSie  lateral  to  its  orig- 
inal erroneous  state,  and  thereby  cstahUsh  a,  harmony  of  position  in  the 
two  directions;  and  if,  in  the  retina  itHelf,  the  means  exist  for  the  cor- 
rection of  inversiun,  vETtiral  an  "well  as  Ifiteral,  hy  changing  the  direction 
of  the  conducting  tubules,  it  necessarily  must  be  that  that  place  of  cor- 
rection is  where  the  relina  is  intersected  hy  the  o|)ti.cnl  axis  of  tbe  eye. 
t  think  it  is  to  be  greatly  regretted  that  ive  are  not  bet-  SuKfi-aiioii  ra- 
ter ac(imiinted  with  the  construction  of  the  yellow  spot  of  *^^,l||J^'^pV[  .jiT 
Soemmering,  which  occurs  at  this  very  point.  The  ridge-  SwinmeTms. 
hke  fbini  it  presents,  the  thin,  uncolored  spot  in  its  centre,  its  more  def- 
inite occurrence  in  tliose  animals^  as  man,  the  quadmiuuna,  mid  some 
aauriana,  the  axes  of  whose  eyes  are  nearly  paralicl  to  one  anotlier,  seem 
to  iiidicalc-,  in  a  very  sigtiiiicaiit  manner,  that  at  lliis  place  the  correction 
in  (juestion  is  made.  There  are  many  ivaya  in  which  we  may  conceive 
this  to  be  done  by  varying  the  direction  of  the  nervous  tubiiles.  As  an 
illustration,  it  may  be  remarked  that  if,  tlirough  a.  small  liole  made  in  a 
sheet  of  paper,  a  number  of  threads,  the  end  of  each  of  which  is  fasten- 
ed to  the  back  of  the  sheet,  be  caused  to  pass,  under  the  condition  that 
they  do  not  cross  one  another  in  the  hole,  but  leave  its  aperture  open, 
their  direction  in  space  aa  they  retire  from  the  hole  will  be  inverted  a^ 
respects  the  direction  in  which  they  approadied  to  it.  The  analogy  be- 
tween such  an  aperture  and  the  foramen  of  Soemmering  is  too  striking  to 
be  overlooked. 

The  stereoscope,  invented  by  Professor  Wheatatone,  shows  to  what  an 
extent  our  ideas  of  lite  solidity  of  obipcta  depend  on  the  dif-  ^. 
fcuences  oi  the  images  in  each  eye.  By  reaaon  oi  their  dif- 
ference of  position,  CAch  of  the  two  eyes  will  have  a  diiferent  picture  upon 
its  black  pigment  of  any  solid  object,  and  the  mind,  coinhiniug  these  dis- 
similfir  pictures  into  one,  gathers  therefrom  the  irjea  of  solidity.  If  thus 
we  offer  to  the  eyes  two  pictures  of  a  given  object,  presenting  the  same 
form  as  that  object  would  have  done  when  seen  from  each  eye  respect- 
ively, the  mind  combines  these  flat  jiictures  together,  and  can  not  divest 
itself  of  llie  idea  of  a  solid  body.  This  is  the  principle  of  the  slereo- 
acopc.  It  is  shown  by  this  instrument  that,  when  two  aiieh  pictures  of 
different  sizes  are  used,  tlie  mind  combines  them  into  one  of  intennedinte 
magnitude.  Probably  this  effect  ia  involved  in  the  circumstance  that, 
when  we  look  at  an  object  unequally  distant  from  the  two  cyea,  we  still 
aec  it  single.  When  two  images  of  difl'erent  colors  arc  employed,  the 
Diind  can  not  combine  them,  but  pees  iirst  the  one  and  then  the  Other, 
the  brightest  one  continuing  the  longest. 
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Tbs  eye  is  adjusted  to  the  varjt'ing  intenaities  of  Hglit  by  the  motions 
AdiuBtment  to  °^ '^^^  '"^'  wliich  admits  more  or  fewer  rays  according  to  itft 
Tiri*aonsftr  Btate  of  contraction,  an  action  wliidi,  on  certain  occEisioDs,  is 
Tig  inesa.  aided  ijy  the  orbicularis  pal[]ebraruiu,  which,  by  bringing 
the  eyelids  together,  limits  the  number  of  rays  passing  to  the  pupil.  In 
man,  the  muscular  fibres  of  the  iris  are  of  the  unstriped  form;  in  birdi* 
tlicy  arc  striped.  Our  perceptions  of  the  iiitensitiea  of  liglit,  a5  gatlier- 
ed  from  the  state  of  the  iris,  caa  never  be  so  distinct  as  the  indications 
for  sound  yielded  by  the  tensor  tympani  and  stapedius  muscles.  In 
birds,  however,  it  is  prolably  dilTerent.  We  gather,  1o  a.  great  extent, 
our  notion  of  the  brilliancy  of  bght  from  the  rapidity  of  structural  cbangc 
taking  place  in  the  retina  itself. 

Although  many  iinagea  may  be  simultaneously  existing  upon  the  ret- 
_^  .  ina,  themind  possesses  the  powcrof  singling  any  oneofthetii 
rfwwniionprt  out  sfid  fastening  attention  upon  it,  just  as  among  a  number 
cne  iraaffs.  ^j-  j,]^gj(,j,]^  instruments  simultaneously  played,  one,  and  tliat 
perhaps  tha  fceblwst,  may  be  eelecled,  aiid  ils  notes  exclusively  followed. 
These  phenomena,  however,  are  not  dependent  upon  any  peculiarity  of 
construction  of  any  of  the  organs  of  sense:  and  aa  the  mind  can  perceive 
the  images  of  external  things,  so  can  it  give  rise  to  spectral  illusions 
which  may  simiUate  perfectly  the  aspect  of  external  forms.  The  anec- 
dotes of  such  occurrcncea  which  arc  to  be  found  among  all  people  are  not 
the  fabiications  comntonly  supposed.  The  mind  can  be  readily  deceived, 
even  in  spite  of  itscli',  as  the  phaiomena  of  the  stereoscope  prove;  and 
spectres,  having  their  origin  in  natural  or  diseased  conditions  of  the  brain, 
may  accurately  replace  images  that  liavc  been  painted  in  the  eye.  It  is 
-y^  ,  said,  however,  that  we  may  readily  distinguish,  by  means  of 
agcB.  andiME  a  simple  optical  test,  a  true  exlernal  apparition,  if  any  cx- 
for  them.  jgj^^  g^Qjjj  g  phantom  of  diseased  imagiTiation  ;  for  by  press- 

ing duly  with  the  finger  on  the  ball  of  one  of  the  eyes,  external  objects 
arc  at  once  doubled,  but  it  is  not  so  with  a  mental  illusion ;  and  we  may 
therefore  suspect  that,  even  in  the  best  aulhetilicaled  ea&es  of  the  ap- 
pearances of  these  unnattiral  forms,  had  this  lest  been  applied,  their  true 
character  would  have  been  ascertained ;  and  that,  (^iiice  none  of  tliem 
would  have  undergone  duplication,  they  would  at  once  have  been  detect- 
ed as  mere  hallucinations  of  the  mintL 

The  explanation  of  the  function  of  vision  which  I  have  given  on  iht 
preceding  pages  might  be  termed  the  calorilic  In'poihe-sis,  since  it  rests 
esaentiallv  on  the  fact  that  the  temperature  of  tlie  receiving  screen  of  the 
eye  is  raised  by  the  impinging  of  light  upon  it.  The  result  thus  far  is  of 
a  purely  physical  nature,  but  it  becomea  physiological  when  wc  farlhef 
admit  that  changes  of  constitution  ensue  in  the  vesicular  stnictare  of  the 
xntina.     These  changes  axe  rendei«d  more  rapid  as  the  temperatarc  is 
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higiiT,  It  remains  now  to  add  that  this  is  only  one  manner  ol'loolting 
at  the  lliing.  According;  as  our  Jiypothesis  of  the  nature  of  light,  of  Up 
relations  to  licat,  and  of  its  manner  of  establialiing  chemical  cliangea  may 
be*  the  special  explanations  we  give  of  ihe  functions  of  the  eye  will  diifer; 
yet  there  is  such  a  relationship  among  these  liypothesea  that  Tran«Ufinn  of 
we  can,  without  any  ilifficiilly,  uonvoTt  an  explanation  Jcrived  ^^"  '■aiorifie 
from  one  into  an  csplamttion  derived  from  another.  It  re-  „\t,i.-f  forms  of 
ally  comes  to  little  more  than  a  ttanslatiqn  of  phtageolopy,  "^^P'-^'io"- 
I  have  i'oiind  the  calorific  hypothesia  convenient,  becuuae  we  are  led  to  it 
by  the  comparative  anatomy  of  the  c?yc  in  starting  from  IJic  ocelli  of  the 
lower  forms ;  yet,  with  almost  equal  convenience,  the  function  might  have 
been  treate^l  otlienviBC,  viewing  light  as  arising  from  ethureal  und  illation  a, 
the  additional  advantage  then  being  obtained  of  establishing  a  parallel- 
ism between  tlic  action  of  the  organ  of  si^ht  and  that  of  hearing.  Or, 
in  like  manner,  the  case  might  have  Iwen  viewed  in  its  purely  cliemlcja] 
aspect,  photographically,  as  it  might  t>e  said,  the  destruction  of  the  vesic- 
ular slrncture  of  the  retina  through  the  agency  of  arterial  oxygen  being 
taken  as  tlie  primary  physical  act.  But  thia,  again,  amounls  oidy  to  a 
different  mode  of  stating  the  same  effect,  since,  as  I  have  shown  (London 
and  Edinburgh  I'hilosophical  Magazine,  May,  1851),  all  chemical  ciiange!= 
accomplished  in  material  substances  are  occaaioned  by  the  establishmeni 
of  vibratory  motions  therein,  and  ^Vrnpere  has  already  demonstrated  that 
sU  the  phenomena  of  heat  may  be  explained  upon  the  doctrine  of  tlic  vi- 
brations of  the  constituent  molecules  of  bodies. 

Divesting  ourselves,  therefore,  of  any  further  concern  in  making  a  HP- 
lection  among  the  various  hypotheses,  we  have  adopted  the  view  that  thi' 
change  of  the  retina  originates  in  a  calorific  disturbance*  becauEe  it  ap- 
pears to  be  somewhat  more  convenient  for  our  use. 

It  ia  to  he  understood  that  the  sensation  of  light  is,  however,  purely 
mental,  and  whatever  can  disturb  the  nutrition  or  waste  of  ~  .._ 

the  retina  will  give  rise  to  luminous  impressions.    The  press-  of  light  pa«l/ 
ore  of  the  Hrger  on  the  ball  of  the  eye,  a  blow,  ihe  passage  '"*"' 
of  an  electrie  current,  and  divere  other  causes,  will  at  once  produce  the 
appearance  of  light,  and  even  of  colors.     Heat  is  only  one  out  of  a  raul- 
titudc  of  agents  that  can  disturb  the  retina. 

Sti.    Of  ihe  Acceamr't/  Apparaivs  oftfie  Eye. 

The  acccaaory  apparatus  of  the  eye  consists  chiefly  of  the  eyebrows, 
the  eyelids,  the  Meibomian  glands,  the  lachrymal  mechanism,  and  the 
muscles  for  the  movement  of  the  ball. 

The  eyebrows  are  two  arches  of  integument,  covered  with  Iiair,  on  the 
upper  edge  of  the  orbit.  They  are  usually  classed  with  the  Thceyi;i>mw» 
appendages  of  the  eje  upon  the  supposition  that  they  protect  *"*  •y^'ii'*' 
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tkat  crp»  from  ium1ii«  inteB«U^  of  li^tt.  or  jgescrwt  it  from  the  im^trnt 
vi  4nfm  <if  >wfmt.  Thrx  aid  grealij  ui  the  exfueasoa  of  Hmtal  exuo- 
tfaaor  bnl  pcriu^  «bo«ild  tatber  be  looked  upoo  ss  aaMag  the  irm lining 
ii»li|i,i»  of  UiB  haiiy  teguneDt  whiclt  xffocds  s  protectioD  to  the  entiR 
alun  of  otiMT  wwMnnuda  bdoii'  toan  in  the  aniin>1  senes.  The  erdids 
mij  be  doNribed  m  m  pwr  of  v&Iv^  the  npper  one  hmnii^  a  nmcb  gniai- 
er  Utitttdc  of  notbti  tJuu  tbe  lower.  Their  oae  is  to  afibrd  |notec*ioii 
to  tb«  «y«  by  cloving  entirely  over  it,  more  pertictilarly  dorii^  sleep;  to 
kwp  iu  optical  vurfaoe  molM  and  &e«  from  diist  Ly  tiieir  winking  umk 
Hon.  Tlit^y  uri^  brought  into  action  by  itie  t'ontact  of  all  or  of  iinlatiii|! 
lavlicdcai  tliroug]i  tbe  filmw  of  the  iiilh  and  facial  nerves,  or  by  the  ageacj 
of  light  ujxiti  the  retina.  The  c^'lgCB  of  tlic  lids  are  fumii^hed  u'ith  rows 
of  curved  iiairH,  the  eyelashes,  which  add  grcaily  to  the  protection  of  the 
iIcHcatc  OTf^n  beniiatli,  while  permitting  vision  to  take  place  to  a  certain 
i-xtiTtU.  0|H'iitug  iijX)ii  llie  edgca  of  the  eyelids  are  tlie  ibramina  ol'the 
MciU)r»iaii  f-iunJn,  in  the  upp^  lid  there  being  about  thirty,  tu  tlie  low- 
er somuwhul  fewer.  The  glands  themselves  an>  imbedded  on  iho  in- 
{••rniil  Nurfttce  of  thu  eturlUage  of  the  lids,  and  aHbrd  an  oily  secretion, 
wJui^h  dinchargca  tlio  double  duty  of  preventing  adhesion  of  tlie  lids,  and, 
by  ita  rohitiun  of  capillary  attraction,  hindering  the  overflow  of  the  walei 
which  muisteiix  the  eye  upon  the  cheek. 

Of  the  lacijiryifial  npparatuM,  it  may  he  said  that  in  the  same  manner 
Thnlwiiirymttl  t'"'t  we  hroAilie  upuJi  a  sjwetacle  glass  and  wipe  it  lliAt  its 
B|>ii«nit<M.  Hurfttce  may  bo  perfectly  clean,  m  it  is  necessarj'  for  the  op- 
tical action  uf  the  uornea  lluit  its  surface  should  be  constantly  washed, 
and  oven  more  j»o,  fur  its  IninuUated  structure  is  auch  that.  If  it  be  not 
kept  eonstaiitly  damp,  it  loses  much  of  its  transparency.  TJiis  tlierefore 
miidiTu  it  Hi'ienmiry  that  then;  slioiild  be  a  inechanLsm  for  the  supply  of 
wiitert  anolficr  liir  Kpraiditig  that  water  unifonnly  over  the  surface  of  the 
oomem  ami  n  wnfltc-pipe  for  carrying  any  surplus  away.  The  lachrymal 
gland  (liHclwirgcs  the  lirst  of  these  duties.  It  is  situated  in  the  upper 
und  oulcr  (iitgic  of  the  orbit;  hn  accretion,  which  is  a  bitter  and  aorao- 
whttt  wdino  water,  is  brouglit  to  tlie  surfiice  of  the  conjunctiva  by  eight  or 
ton  liltlii  diictH  tirrangii-^d  iit  a  row  for  the  purpose  of  eijualiziug  tiietr  dis- 
uhllrgl.^.  'y\ic  Hprvading  of  this  tluid  over  the  eye,  and  the  simultaneous 
wiping  of  the  wurfnce^  is  ncconiplishcd  by  the  eyelids.  Usually  the  w»- 
ter  ihnt  has  boen  employed  is  disttipated  by  evaporation  into  the  air;  but 
if,  liy  roason  of  meteorological  cii-cumataiices.  sucli  as  the  dampness  of 
iJiQ  nlinurtpherc,  or  hy  the  supply  being  too  abundant,  there  should  ariae 
till  excels,  it  is  carried  off  ilininj^ii  two  minute  oriiices  which  are  upon  the 
odgt'  of  thccycli<Ktlie  puneia  Inrhtytnalia.  The^  draw  off  any  ocdl«ction 
of  water  tliat  niny  have  accumulated  in  the  lachr^-mal  lake,  and,  carryis^ 
it  into  the  Uclirtnud  sac,  dischaigo  it  through  the  nasal  duct  into  the 
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cavity  of  the  nose.  From  this  it  is  removed  by  evaporation,  the  current 
of  air  alternately  introduced  and  expired  affording  the  means  of  accom- 
pliahing  that  object  in  a  remarkabJc  manner.  But  should  the  discharge 
of  water  from  the  lactiiymal  gland  become  excessive,  aa  in  weepLng,  this 
draining  mechanism  is  insuificicnt,  and  the  tra-ter  is  diadiarged  aa  teats 
down  the  cheek. 

Of  the  muscles  for  the  movement  of  the  eye,  the  description  has,  in 
part,  been  given  under  that  of  the  nerves.  It  may,  how-  MoiiBna  Aruie 
ever,  be  here  remarked  that  tlic  eyeball  is  moved  by  six  eji^baH. 
muaelest  the  four  straight  and  the  two  oblique.  The  straight  rausclea 
arise  at  the  optic  foramen,  and  are  inserted  into  the  sclerotic  in  the  tour 
quadrantal  positions  above,  below,  right,  and  left.  The  action  of  each 
of  these-  mus-cles  is  to  turn  the  eyeball  toward  itscli';  when  they  contracl 
all  together,  they  fix  it.  The  superior  obtifj[ue  muscle  arises  from  the 
same  place,  passes  through  a  pulley  beneath  the  internal  angular  procesp 
of  the  frontal  bone,  its  tendon  being  Inserted  into  the  sclerotic  near  to 
the  entrance  of  the  optic  nerve.  The  inferior  oblique  rises  from  the  in- 
ner margin  of  the  superior  niasUJary  boncj  passes  beneath  the  inferior 
straight  muscle,  and  is  inserted  into  the  sclerotic  on  its  outer  and  pos- 
terior part,  near  the  entrance  of  tlie  optic  nerve.  The  superior  obLi<jue 
rolls  the  globe  inward  and  forward,  the  inferior  rolls  it  outward  and  back- 
ward ;  acting  together,  they  draw  the  globe  fom-ard  and  converge  the 
as03  of  the  eyes.  The  nervous  supply  ibr  Ihieae  various  musciea  baa  al- 
ready been  npecified  in  page  334. 
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OF  CEREBRAL  SIGHT  OB  DnrER.SE  VT5I0W. 


iJi^lfrraw  bttwvea  ordinary  ^'Uu>n  vnd  ixrtini  Siffht.^Itiwm  Vinon  dupfndt  m  lAf  Fertile* 

of'  ImpTM^ont  tsinliiiij  in  t/ie  Brain. 
CwHiitiun  of  -onr  jm-feivaiij  tiast  Iinftrtixianx  it  thai  tfiry  nmit  be  tqiai  in  Inttnnl^  to  prtteni 

SenraliimB. —  Two  Mrthixh  of  aarompiu/n'uy  ihix  EqunRzntion :  \tt,hy  re-€Bjbrciiiff  the  MIm- 

preaaiani ;   Sd,  ty  dirninisMni/  fhe przMcM  Seasafiaaa. 
EiiurtfeitCE  of  ofii  ImfiTKHfian-'  in  tiittp,  >Vi.'lt,  Liatth.—Ari\firiai  Euterffttux  of  gttefi  Veitiga  In/ 

Pro(oTidt  of  A'lVruysn,  Ofiuin,  clc. 

Ocrebrat  Siy/i(  u*fd  irlmkyicalfi/  lo  cndirMe  tkt  Inttnoitaltl^  oftht  Sati, 

The  perception  of  external  objects  depends  on  the  rays  of  light  enter- 
ing the  eye,  and  converging  so  aa  to  produce  images  which  make  an  im- 
pression on  the  retina,  and,  through  the  optic  nerve,  are  recognized  by 
the  brain.  The  direction  of  tlie  influences,  so  far  as  the  observer  is  con- 
cerned, is  irom  without  to  within,  from  the  object  to  the  train. 

Cc 


402 


INVERSE   VISION. 


But  tliQ  inverse  of  this  is  possible.  Impressions  already  existing  in 
the  brain  may  take,  as  it  wtyc,  an  outward  direction,  and  be  pi'ojected 
or  localized  among  external  forma  ;  or  if  the  eyes  be  cIoscJ,  or  tlie  ob- 
server i3  in  darkness,  they  will  fill  up  the  empty  Bpace  before  him  with 
scenery  of  their  own- 
Inverse  vision  depends  primarily  on  the  condition  that  former  iniipres- 
sions,  whicli  are  inclosed  iti  the  optic  thalami  or  registering  ganglia  ai 
the  base  of  the  brain,  aasuine  such  a  degree  of  relative  intensity  that 
they  can  arrest  the  attention  of  the  mind.  The  moment  that  an  equal- 
ity ia  estabiished  between  the  intensity  of  these  vestiges  and  sensations 
contemporaneously  received  from  the  outer  world,  or  that  the  latter  are 
wholly  exlinguiahed,  as  in  sleep,  inverse  vision  oecure,  presenting  ttself. 
as  the  conditions  may  vary,  under  different  forms,  apparitions^  risionB, 
dreams. 

From  the  moral  effect  to  which  these  give  rise,  we  are  very  liable  to 
regard  them  as  connected  with  the  sujwmaturaL  In  truth,  tiowever, 
they  are  the  natural  resiUt  of  the  action  of  the  nervous  mecLauisni,  which 
of  necessity  produces  them  wiicnevcr  it  is  placed,  either  by  normal,  or 
morbid,  or  artificial  causes,  in  the  proper  condition.  It  can  act  either  di- 
rectly, as  in  ordinary  vision,  or  inversely,  aa  in  cerebral  sight,  and  in  this 
respect  resembles  those  inatruments  which  equally  yield  a  musical  note 
whether  the  air  is  blown  through  them  or  drawn  in. 

The  hours  of  sleep  constantly  present  us,  in  a  state  of  perfect  healths 
DiffisrcDTe  be-  illusions  wliich  appear  to  address  themselves  to  the  eye  rath- 
ItnrwakinE'u-  ^^  *^^'^  *°  ^"J'  '^^^'^  Bcnse,  and  these  commonly  combine  into 
liisioDB.  moving  and  acting  sceneries,  a  dream  being  truly  a  drama 

of  tlie  night.  In  certain  statea,  appearances  of  a  like  nature  tntrtlde 
themselves  before  us  even  in  tiie  open  day,  hut  these,  being  corrected  by 
the  realities  with  which  they  are  eurroundcd,  impress  us  very  differently 
to  the  phantoms  of  our  sleep.  The  want  of  unison  between  such  im- 
ages and  the  things  among  which  they  have  intruded  themselves,  the 
anachtotiism  of  their  advent,  or  other  obvious  incongruities,  restrain  the 
mind  from  delivering  itself  up  to  that  absolute  belief  in  their  realitr 
which  80  completely  possesses  us  in  our  dreams.  Yet,  neverthelesa, 
such  is  tlie  constitution  of  man,  the  bravest  and  the  wisest  encoonter 
these  fictions  of  tlieir  own  organization  with  awe. 

If  we  measure  the  importance  of  events  occurring  to  ns  by  their  fre- 
Freqqeiicy  of  q«ency,  the  depth  of  the  impression  they  majce,  the  infla- 
meniaihiUud-  encc  they  exett  on  our  own  individual  career,  or  have  ea- 
ha  lona.  evted  on  the  progress  of  the  whole  human  mce,  there  are 

very  few  more  deserving  the  discussions  of  physiology  than  visual  hal- 
lucinations. With  respect  to  frequency,  it  may  be  reasonably  said  tliat. 
if  images  arise  in  the  mind  hy  night  as  numerously  as  sensible  forms 
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present  themselves  by  day,  it  is  not  likely  that  tliey  ebould  be  better 
borne  in  ciemory ;  but  of  the  thousanda  of  objects  we  encounter  every 

day  of  our  lives,  how  iew  there  are  that  we  can  distinctly  recollect  at  ita 
close.  We  think  we  explain,  thia  wonclerfiil  forgetftilneas  by  saying  we 
have  paid  uo  attention  to  them ;  and,  in  like  manner,  the  dreams  we  re- 
member are  perhapa  only  a  very  insrgniBcant  proportion  of  those  which 
h^ve  been  presented  to  tUo  mind. 

It  has  been  said  that  a  belie*"  in  appatilioiis  13  natural  to  every  man. 
However  niuttb  vre  may  dissent  from  the  correctneaa  of  Buch  a  xtcif  morfii 
general  assertion,  there  can.  be  no  doubt  that  it  has  a  founda-  ^^'^'~ 
tion  in  truth.  The  faith  of  a  child  in  this  particular  is  only  gradually 
aapped  as  he  grows  up  to  be  a  man.  Nay,  even  in  mature  life  tiiere  may 
always  be  found  those  who  have  an  unwavering  confidence  in  the  reality 
of  these  illusions,  and  many  of  tliese  are  persons  characterized  by  tUeii 
moral  courage  and  love  of  truth,  I  have  Just  remarked  that  few  things 
have  exerted  a  greater  iniluence  on  the  career  of  the  human  race  than  a 
firm  behel'  in  these  spiritual  visitations.  The  visions  of  the  Arabian 
propliet  liave  endcil  in  tincturing  the  daily  life  of  half  the  people  of  Asia 
and  .\frica  for  a  thousand  years.  A  spectre  that  came  into  tlie  camp  at 
Sardis  unnerved  the  heart  of  Brutus,  and  thereby  put  an  end  to  the  po- 
litical system  that  had  made  the  great  republic  the  ubiter  of  the  world. 
Another,  that  appeared  to  Coriatantine,  strengthened  his  hand  to  tlie  ac- 
COmplighnient  of  that  most  difficult  of  all  th»  tajiks  of  a  statesman,  the 
destruction  of  an.  ancient  faith. 

But  these  were  all  impostures,  it  maybe  said.  Not  so;  they  were 
no  impostuiea  of  the  persoua  to  whom  they  are  reported  to  have  occurred, 
and  who  assuredly  firmly  beheved  in  tlie  real  existence  of  what  they 
thought  they  saw.  To  the  two  or  three  instances  mentioned  above, 
scores  of  a  like  kind  might  be  added,  which  have  issued  in  the  commit' 
ting  of  men  to  the  moat  earnest  kind  of  work.  So  ot^en  do  hiatorians 
notice  aJi  element  of  this  kind  mingling  in  the  career  of  those  who  have 
made  the  deepest  mark  on  our  race,  that  sonae  are  to  be  found  who  as- 
sert the  necessity  of  such  a  condition  to  any  widespread  and  permanent 
political  event.  Wliatever  we  may  think  of  eucb  a  conclusion,  the  prem- 
iBes  on  which  it  is  founded  are  well  wortliy  of  our  consideration.  The 
physiologist  is  not  at  Uberty  to  deny  thai  lunatic  and  delirious  men  liave 
faith  in  what  they  sec.  Their  scnaca  may  deceive  them,  but  they  are 
not  impostors.  It  ia  for  him  to  consider  how  phantoms  may  arise  in 
condltiona  of  apparent  health  as  well  as  in  states  of  disease ;  in  the  tran- 
quillity of  the  solitary  man  as  well  as  in  tlie  feverish  excitement  of  the 
enthusiast. 

Visnal  hallucinations  are  of  two  kinds,  tbose  which  are  seen  when  the 
eyes  are  open,  and  those  perceived  when  they  are  closed.     To  the  fo)^ 
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Apparitions  wcr,  the  deBignation  of  apparitions  ;  to  tlie  latter,  that  of  vis- 
ud  vuioni.   JQjjg  jnay  )jg  given.     I>reaina  therefore  come  under  the  latter 

The  simplest  ibroi  of  apparition  is  tliat  known  among  physicians  aa 
MiuoD  voii-  musca?  volitante*.  These  are  dark  specks,  like  tliea,  wbtch 
iMtM.  seem  to  be  floating  in  a  devious  course  in  the  air.     They  are 

owing  to  disturbances  or  changes  in  the  retina.  They  ofilen  appear  to 
occupy  the  dying. 

Of  visions  the  moat  coramor,  "because  they  can  be  Toluntarily  pro- 
RpmaiiiB  of  op-  duced,  arc  those  which  depend  on  the  remains  of  impressions 
lieimpreraioui.  jj^  ^jj^  retina  and  optic  Centres.  If,  vrhen  wg  awake  in  the 
morning,  our  eyes  are  tamed  for  a  moment  to  a  window  or  other  bright 
object,  and  tlieri  closed,  there  siill  appears  to  the  mind  a  spectral  repre- 
sentation of  the  object,  which  gradually  fades  away.  These  illusions  can 
be  caused  to  have,  as  it  were,  a  movement  in  the  dark  space  before  us, 
answering  to  the  voluntary  rotation  of  tiie  eyeball.  Sometimes,  when 
the  light  is  not  sufficiently  intense,  or  the  nervoos  organs  not  sensirive 
enough,  the  vision  docs  not  make  its  appearance  on  the  closing  of  the 
eyelids,  but,  after  fastening  the  attention  on  the  position  in  which  it  is  cx- 
s*»itor«Dcisri  P^*^*^^  ^'^  conie,  it  slowly  emerges  at  last.  That  it  consists 
Lloni  nad  ula-  jn  a  teal  impression  which  has  be^n  made  on  those  DrgaDa» 
'*""■  and  is  rot  a  mere  product  of  ihe  unaided  imagination,  is  very 

clear  from  the  tact  that  we  may  discern,  by  attentively  considering  it, 
many  little  peculiarities  which  we  have  not  had  time  to  notice  in  the 
original  object ;  thus,  if  there  has  been  a  lace  curtain,  or  other  such  well- 
marked  body  before  us,  we  can  not  only  sec  in  the  ■I'ision  the  places 
where  its  folds  intersect  the  windows,  but  likewise,  if  the  impression  be 
a  good  one,  all  the  peculiariliea  of  its  figured  pattern ;  and  that  our 
conclusions  in  these  respects  are  correct  is  proved  as  soon  as  we  rc-open 
our  eyes. 

Between  apparitions  and  visions  is  an  intermediate  class,  of  which  it 
j,^^ .  is  not  my  object  now  to  say  much ;  they  may,  however,  be 
styled  deceptions.  These  take  their  origin  in  some  outward 
exiBtiTig  reality,  and  arc  exaggerations  of  the  fancy.  They  are  commonly 
encountered  in  the  evening  twilight,  or  in  places  feebly  illuminated.  Sir 
W.  Scott  says  of  children  that  lying  is  natural  to  them,  and  that  to  tell 
the  truth  is  an  acquired  habit.  If  they  are  thus  by  nature  prone  to  de- 
ceive those  around  tlicm,  tliey  are  none  the  less  prone  to  deceive  them- 
selves. To  them,  a  white  object,  faintly  descried  in  the  obscurity, 
easily  ex^mnded  into  a  moving  and  supernatural  thing. 

In  a  physiological  sense  I  consider  that  simple  apparitions  arise  irom 
disturbances  or  disease  of  the  retina;  visions  from  the  traces  of  im- 
pressions inclosed  at  a  formta-  time  in  the  corpora  quadrigemina  and  op- 
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tic  llialami.  In  tJieir  most  highly-marked  state  the  former  may  be 
treated  of  as  results  of  insanity  of  the  retina,  the  latter  as  of  cerebral 
vision. 

Disturbance  of  the  relina,  brought  on  by  any  cauae  whatever,  may  give 
rise  to  simple  spectral  apparitionn,  which,  as  the  circumstances  . 

change,  tpiII  have  an  indelinite  contour  or  a  definite  form ;  nor  JVom  ratiua) 
are  tliey  inerely  shades  and  shadows:  they  may  be  presented  '*'*^'"'''*^"' 
in  colors,  which,  however,  ai'e  usually  dim  or  subdued.  Thua,  if,  tlje  eye- 
lids being  closed,  we  pi-ess  gently  with  the  tip  of  the  finger  on  the  inner 
or  outer  angle  of  one  of  the  eyes,  a  gray  spot  surrounded  by  colore  makes 
ita  appearance  on  the  opposite  side  of  the  same  eye,  and  dances  about  as 
the  pressure  of  ihe  finger  varies.  With  a  more  extensive  and  heavier 
pressure  clouds  of  various  rainbow  tints  fill  up  all  the  imaginary  space 
before  ua.  In  bke  manner,  the  passage  of  an  electric  current  from  a  vol- 
taic pair  induces  a  flash  of  light  of  considerable  brilliancy.  Internal 
pressures  and  spontaneous  variations  in  the  rate  of  metaraorphosis  and 
nutrition  of  the  retina  act  in  a  manner  analogous  to  external  distuibancca. 

From  the  muscae  volitantes,  which  may  he  r^arded  as  the  first  rudi- 
menta  of  apparitions,  it  is  but  a  Btep  to  the  intercalation  of  simple  or  even 
grotesque  images  among  the  real  objects  at  which  we  are  looking;  and^ 
indeed,  this  is  the  manner  in  which  they  always  offer  themselves,  as  rest- 
ing or  moving  among  the  actually  existing  tliinge.  I  do  not  undertake 
to  say  how  far  we  are  liable  to  practice  deception  upon  ourselves,  after 
the  manner  we  have  spoken  of  in  children,  when  we  have  once  detected 
the  fact  that  we  are  liable  to  this  infirmity.  An  inanimate  object — for  in- 
stance, a  stick — is  seen  upon  the  floor;  we  go  to  take  it  up;  we  find  there 
is  nothing  tliere;  we  return  to  our  first  position,  hut  we  can  observe  no 
shadow  or  other  reality  (hat  can  be  offered  as  an  explanation  of  wliat  we 
have  seen.  jVh  event  of  tlds  kind  predisposes  us,  perhaps,  to  return  to 
that  dispoaillon  of  exaggeration  80  natural  to  our  early  life,  and  the  next 
time  the  retina  deceives  us  we  involuntarily  give  to  the  hallucination  mo- 
tion and  a  more  definite  form. 

Insects  flying  in  the  air,  or,  rather,  floating  in  vacancy  before  us,  pre- 
sent the  incipient  form  of  retinal  malady.  It  may  be  provoked  by  un- 
due use  of  the  eyes,  as  reading  by  lamp-light.  1  remark  it  constantly, 
in  my  own  case,  after  prolonged  use  of  the  microscope.  In  a  more  ag- 
gravated form,  it  less  frequently  occurs  as  producing  stars  or  sparks  of 
light.  From  the  earliest  times,  physicians  have  observed  that  it  is  a 
"bad  sign"  when  tbe  patient  localizes  these  images.  "  If  the  sick  man 
says  there  be  little  holes  in  the  curtaina,  or  black  spots  on  his  bed- 
clothes, then  is  it  plain  that  his  end  is  at  hand." 

Under  the  title  of  pseudoblepsis,  or  false  vision,  medical  authors  enu- 
merate several  varietieB  of  the  foregoing  phenomena;  but  when,  as  is 
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O-exMcmoe  most  (umimtmly  die  case,  the  derangement  which  gives  ongin 
of  mill*]  Jo-     j^  these  appeatances  12  not  limited  to  the  retirLftr  bnt,  arising 

cbrai  lighi,  in  EORie  constilutjonal  afl«:tion,  involves  more  or  less  com- 
pkftely  the  entire  nerroiu  apparatue  of  the  eye,  retinal  insanity  and  cerebral 
Tision  occur  together.  la  those  casea  which  hare  been  inrestigated  hi 
n  philosophical  manner  by  the  patients  thempelves.  this  complication  is 
often  diBtinclly  recognized.  Thus  Nicolai,  the  Pmssian  bookseller,  who 
published  i  n  the  Slemoirs  of  the  Royal  Academy  of  Berlin  an  intfxesting 
account  of  his  own  snfferinCTg,  states  that,  of  the  apparitions  of  men  said 
women  with  whicti  lie  waa  troubled,  there  were  some  which  disappeared 
on  shotting  the  eyes,  but  some  did  not.  In  such  a  case  there  can  be  no 
doabt  that  the  disease  afTocted  the  corpora  ({oadhgemina  and  the  optic 
tliakmi  as  well  as  the  retina. 

This  conditionf  in  which  the  receiving  centres  and  registering  ganglia, 
at  the  base  of  the  brain  are  engaged,  is  tJie  one  which  >'ield9  the  most 
striking  instances  of  hallucinations  in  which  apparitions  and  visions  co- 
Brought  OTi  Br-  exlMt.  It  can,  like  the  less  complicated  fonns,  be  broiigl 
Ml^Lbiii^iL  ^"  artiticially,  a£  in  the  delirium  tremens  which  foUows  a 
*e-  cessation  from  the  customary  use  of  alcohol,  or  in  the  es^t- 

atioQ  by  the  parposetl  adminislration  of  opium  or  other  drugs.     In  this* 
as  in  those  forms,  it  is  the  localization  of  the  phantom  among  the  bodies 
and  things  around  ns  that  begins  to  give  power  to  the  illnsion.     The 
form  of  a  chjttd  no  bigger  than  the  liand  is  perhaps  first  seen  floating 
over  the  carpet,  bnt  this,  as  the  eye  follows  it,  takes  on  a  sharp  contour 
and  definite  ehapc,  and  the  sufferer  sees  with  dismay  a  moping  raven  on 
some  of  the  more  distant  articles  of  furniture.     Or,  out  of  an  indistiiict  i 
cloud,  fao«8,  sometimes  of  surprising  Iov«;liness,  emerge,  otie  fac«  succeed- 
ing as  another  dies  away.     The  mind,  ever  ready  to  practice  tmposturo, 
u[Jon  ilseif,  will  at  last  accompany  the  illusion  witli  grotesque  or  even 
dreadful  inventions.     A  earcopha^s,  painted  after  the  manner  of  the 
Egyptians,  distresses  the  visionary  with  tlie  rolling  of  its  eyes.      MarttnJ 
Lutlier  thus  more  than  once  saw  the  devil  under  the  well-known  fonai 
popularly  assigned  to  him  in  the  iliddle  Ages. 

Ah  the  nervous  centres  have  been  more  profoundly  involved, 
VUiaMoffalw!  ^''*'ons  become  more  impressive.  Instead  of  a  soUt 
«r*"«B*»»t'--d  phantom  intruding  itself  among  recognized  realities,  aa  the 
sliade  of  a  deceased  friend  opens  the  door  and  noiselessly 
gteps  in,  the  complicated  scenes  of  a  true  drama  are  displayed.  Tlw 
brain  becomes,  as  it  were,  a  theatre.  According  as  tiie  travel  or  the 
reading  of  the  siek  man  may  have  been^  the  illusion  takes  a  style :  black 
viatas  of  Oriental  arcliitecture^  that  stretch  away  into  infinite  night;  ten- 
pies,  and  fanes,  and  the  battlemented  w.iUs  of  cities  j  colossal  Fhartiofas. 
sitting  in  everlasting  silence,  %vith  t!ieir  hands  upon  their  knees.     •'  ] 
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saw,"  says  De  Quiticey,  in  hia  ConfeaaionB  of  an  Opium-eater,  "  as  I  lay 
awake  in  bed,  vast  processions,  that  pflsaed  along  in  mournfal  pomp; 
frieaes  of  never-ending  atones,  that  to  my  feelings  were  as  sad  and  eoI- 
emn  as  it'  they  were  stories  drawn  from  times  before  CEdipua  or  Priam, 
before  Tyre,  before  Memphis ;  and,  at  the  same  time,  a  corresponding 
change  took  place  in  my  dreams ;  a  tlieatre  seemed  suddenly  ojrened 
and  lighted  np  within  my  brain,  "which  presented  nightly  spectacles  of 
more  than  earthly  splendor." 

Apparitions  are  the  result  of  a  false  interpretation  of  impressions  con- 
temporaneongly  made  on  the  retina;  visions  are  a  presentment  of  the 
relics  of  old  ones  which  yet  remain  in  the  registering  ganglia  of  the 
bntin.  We  coni-incc  om-selvea  of  the  truth  of  this  general  assertion  not 
so  well  from  an  examination  of  one  or  more  well-related  or  authenticated 
cases  33  from  what  may  be  termed  the  natural  history  of  ghosts.  The 
Greeks  and  Romans  of  antiquity  were  just  as  much  liable  to  &ecTJar  varia- 
disorderj  of  the  nervous  Bj-stem  as  we  are,  but  to  them  au-  l''^"* '",'^^*  **" 
pernatural  appearances  came  under  mythologic  forms,  Venus,  tume  of  »piriij. 
and  liars,  and  Minerva.  The  places  of  lliese  were  taken  in  tba  dreams 
of  the  ascetics  of  the  Middle  Ages  by  phantoms  of  the  Virgin  and  of  the 
saints.  At  a  s.till  later  time,  in  Northeni  Europe,  and  even  in  England, 
where  the  old  pagan  superstitions  are  scarcely  yet  rooted  out  of  the  vul- 
gar mind,  even  though  the  Uefomiation  has  broken  the  system  of  ecclesi- 
astical thought,  JairieiS,  and  brownies,  and  Robin  (joodfellow  survive. 
The  form  of  phantoms  has  changed  with  change  of  the  creeds  of  commu- 
niliea,  and  we  may  therefore,  with  good  Reginald  Scot,  inquire,  "  If  the 
apparitiona  which  have  been  seen  by  true  men  and  brave  men  in  all  ages 
of  the  world  were  real  existences,  what  has  become  of  the  awtirms  of 
them  in  these  latter  times  V 

One  clasa  of  apparitions. — perhaps  it  was  the  first  to  exist,  as  it  is  the 
last  to  remain — has  survived  all  these  changes — survived  them  becauae 
it  is  connected  with  a  thing  that  never  varies — the  affection  of  the  hu- 
man heart.  To  the  people  of  every  age  the  images  of  their  dead  have 
appeared.  They  are  not  infrequent  even  in  our  own  times.  It  would 
be  an  ungracious  task  to  enter  on  an  examination  of  the  beat  authenti- 
cated of  such  anecdotes.  Igrquirics  of  tliis  kind  can  scarcely  be  freed 
from  the  liability  to  an  imputation  on  personal  veracity,  perceptive  pow- 
er^  or  moral  courage ;  and,  after  all,  it  is  not  necessary  to  entangle  our- 
selves with  these  causes  of  offense.  It  is  enough  tor  ua  to  perceive  that 
even  here  incongruities  may  be  pointed  out.  Tiie  Roman  saw  tlie  shade 
of  his  friend  clothed  in  the  well-kjiown  toga ;  the  European  sees  his  in 
our  own  grotesque  garb.  The  spirit  of  llaupertuia,  which  stood  by  the 
bay  window  of  the  library  at  Berlin,  had  on  knec-breechea,  silk  stock- 
ings, and  shoes  with  large  silver  buckles.     To  the  philosopher  it  may 
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perhaps  occur  that  it  is  very  doubtful  if,  amocg  the  awful  solemnities  of 
the  other  world,  the  faahions  ever  vary*  Let  as  pause  before  we  cany 
the  vanities  of  life  beyond  the  grave. 

From  such  redectiotis  as  the  preceding,  I  think  it  may  therefore  "be 
concluded  that  there  ore  two  sources  from  wliich  spectral  appearance^  are 
derived:  1st.  Biaturbance  of  the  retina,  which  presents  masses  of  light 
and  sluide  or  colors  to  the  mind,  aiid  these  ore  worked  by  the  ^ncy  into 
definite  fomts  on  the  same  principle  that  we  tigurc  to  ourselves  pictores 
effaces  among  glowing  embers.  This  constiliiles  retinal  insanity.  2d. 
Gradual  emergence  from  the  registering  ganglia  of  the  brain  of  old  im- 
prcBsions,  which  arc  rendered  bb  intense  and  distinct  as  contemporaneoQ^ 
sciiaations.  The  two  forms  may,  however,  coexist.  Of  the  latter,  I  may 
observe  that  ilie  views  of  Dr.  Ilihbert,  in  his  work  on  Apparitions,  appear 
to  me  to  approach  nearer  to  the  truth  than  those  of  any  other  author.  It 
will  be  perceived,  however,  after  perusing  his  interesting  book,  that  I  have 
not  laid  the  stress  he  lias  done  on  the  mcchatucal  iaifluencc  of  the  circu- 
lation of  the  blood,  but  view  the  effect  as  of  a  more  purely  nervous  kind. 
As  the  emergence  of  old  images  which  liave  been  remstered  in  tlie  op- 
tic thalami  is  not  only  connected  with  the  physiological  explanations  we 
liavc  given  of  the  fianctiona  of  the  brain,  but  also  omuts  under  circum- 
atancea  of  such  singularity  aa  to  border  upon  the  supernatural,  we  may 
ptirsue  llie  conaideration  of  it  a  little  farther.  It  may,  I  think,  be  hro»d- 
AiisnceiFBiou  ^X  assetted  that  all  spectral  appearancea  refer  to  things  thar 
iicArancen  rnfur  are  past,  persons  ^vho  are  dead,  events  whicli  have  token 
opuB  oicn  .  p]^^^  scenes  that  wc  have  visited;  orj  if  we  have  not  seen 
the  actual  reality,  then  pictures,  statnea,  or  other  such  representations 
thereof  It  has  never  yet  occurred  tliat  any  one  has  seen  a  phantom  the 
indications  of  the  bodily  presence  or  representation  of  which,  until  that 
moment,  he  had  never  known.  Thus,  in  the  Middle  Ages,  the  spectics 
of  African  negroes  were  common  enougii,  but  no  man  ever  witnessed  one 
of  an  American  Indian,  yet  these,  in  their  turn,  jjrevailed  after  the  voy- 
age of  Columbus.  They  were  no  etrangers  to  the  early  colonial  settlers. 
The  same  may  be  eaid  of  all  kinds  of  inanimate  objects. 

As  illustrating  the  manner  in  which  inipreasions  of  the  past  may 
emerge  from  the  registering  ganglia,  I  shall  here  furnish  an 
thip  liinei^nw  instance  which  borders  closely  upon  the  supernatural.  Hid 
'loK^ia'r^p.  ^'*''^T  represents  the  uiost  marvelous  of  these  psychological 
phenomena.  It  occurred  to  a  physician,  who  related  it  in 
my  hearing  to  a  circle  wljose  conversation  had  turned  on  the 
subject  of  personal  fear.  "  Wliat  you  are  saying,"  he  remarked,  **  may 
be  very  true,  but  I  can  assure  you  that  the  sentiment  of  fear,  in  its  ut- 
most degree,  is  much  less  common  than  you  suppose;  and,  though  yon 
may  be  surprised  to  hear  mc  say  it,  I  know  from  personal  esperieiice  thai 
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this  is  certainlj  so.  Wlaen  I  was  five  or  six  jears  oU,  I  dresined  that  I 
was  passing  by  a  large  ponJ  of  water  in  a  very  solitary  place.  On  the 
opposite  side  of  it  there  stood  a  great  tree^  that  Looked  aa  if  it  had  beeo 
Btruck  by  lightning ;  aiicl  m  tbe  pond,  at  another  part,  an  old  fallen  trunk, 
on  one  of  the  prone  liinba  of  which  there  was  a  turtle  sunning  hiniselil 
On  a  sudden  a  wind  arose,  which  furced  me  into  tiie  pond,  and  in  my  dy- 
ing struggles  to  extricate  inyBelfirom  ita  gj-ceii  and  slimy  waters,  I  awoke, 
trembling  ■vrith  terror, 

"About  eight  years  subsequently^  while  recovering  from  a  nearly  fatal 
attack  of  scarlet  fever,  tliia  dream  presented  itself  to  rae,  identical  in  all 
reapectfl,  again.  Even  up  to  this  time  I  do  not  lliiiik  1  Ijnd  ever  seen 
a  living  tortoise  or  turtle,  but  I  indistinctly  remembered  there  was  the 
picture  of  one  in  the  first  8]X!lling-liook  that  bad  been  gi^'en  rue.  Pcr- 
hapa,  on  account  of  my  critical  condition,  this  second  dream  impressed  me 
more  dreadt'ulLy  th^n  the  tirgt, 

"  A  dozen  years  more  elapsed.  I  had  become  a  physician,  and  was 
now  actively  pursuing  my  professional  dutiea  in  one  of  the  Soutiiern 
states.  It  so  fell  out  that  one  July  afternoon  I  had  to  take  a  long  and 
wearisome  ride  on  horseback.  It  was  Sunday,  and  extremely  hot ;  the 
palii  was  solitary,  and  not  a  house  for  miles.  The  forest  had  that  in- 
tense silence  wliicli  ia  so  characteristic  of  this  part  of  the  day;  all  the 
wild  animals  and  birds  seemed  to  have  gone  to  their  retreats,  to  he  rid  of 
tlie  heat  of  tli6  sun.  Suddenly,  at  one  point  gf  the  road  I  came  upon  a 
great  stagnant  water-pool,  and,  casting  my  eyes  across  it,  there  stood  a 
pine-tree  blasted  by  Ughtning,  and  on  a  log  that  was  nearly  even  with 
the  surface,  a  turtle  was  ba^sking  in  the  »iun.  The  dream  of  my  infancy 
was  upon  me ;  the  bridle  fell  from  my  bands  ;  an  unutterable  fear  over- 
shadowed me  aa  I  slunk  away  from  the  accursed  place. 

"  Though  business  occasionally  afterward  would  have  drawn  me  that 
way,  I  could  not  summon  the  resolution  to  go,  and  actually  have  taken 
roundabout  patlia.  It  seemed  to  me  profoundly  amazing  that  the  dream 
that  I  had  had  should,  after  twenty  yearSf  be  realiaeJ  without  respect  to 
dlfferenee  of  scenery,  or  climate,  or  age.  .  A  good  clergyman  of  my  ac- 
quaintance took  the  opportunity  of  improving  tbe  circumstance  to  my 
spiritual  advantage ;  and  in  bis  kind  enthusiasm,  for  be  knew  that  I  had 
.  more  than  once  been  brought  (o  the  point  of  death  by  such  fevers,  inter- 
preted my  dream  that  I  should  die  of  marsh  miasm. 

"  Most  persons  have  doubtless  observed  that  they  suddenly  encounter 
circumstances  or  events  of  a  trivial  nature  in  their  course  of  life  of  which 
they  have  an  indistinct  recollection  that  they  have  dreamed  before.  It 
seemed  for  a  long  time  to  me  that  this  was  a  case  of  that  kind,  and  thai 
it  might  he  iet  down  among  the  mysterious  and  unaccountable.  How 
wondertul  it  Is  that  we  so  often  fail  to  see  the  simple  explanation  of 
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thing?,  -when  that  explanation  is  actually  intmding  itself  before  qb.  An  J 
BO  in  tliia  case ;  it  was  long  before  the  truth  gleamed  in  upon  me,  before 
Tn3*  reasoning  powers  shook  off  the  deluaive  impressions  of  my  seiisea. 
But  it  occurred  at  last ;  for  I  said  to  myself,  la  it  more  probable  that 
such  a  mystery  is  true,  or  that  I  have  dreamed  for  the  third  time  that 
■wliich  I  had  already  dreamed  of  twice  before?  Have  I  really  seen  the 
b'lasted  tree  and  the  sunning  turtle?  iVre  a  weary  ride  of  fifty  milea, 
the  noontide  heat,  tbe  silence  that  could  almost  be  felt,  no  provocatives 
to  a  dreaui  ?  I  have  ridden  under  such  circumatances  many  a  mile,  fenst 
aalcep,  and  have  aTi'oke  and  known  it ;  and  bo  I  resolved  tUat  if  ever 
circunistaniiea  carried  me  to  those  parts  again,  I  would  satisfy  myself  as 
to  the  matter. 

"Accordingly,  when,  after  a  few  years,  an  incident  led  me  to  travel 
thete,  I  revisited  the  well-remerabered  ecene.  There  still  was  the  stag- 
nant pool,  but  the  blasted  pine-tree  was  gone;  and  after  I  bad  pushed 
ray  Iiorsc  through  the  marshy  thicket  ae  for  as  I  could  force  him,  and 
then  dismounted,  and  pursued  a  close  investigation  on  foot  in  every  di- 
rection round  the  spot,  I  waa  clearly  conrinced  that  no  pine-tree  had  ever 
grown  tlicre ;  not  a  stump,  nor  any  token  of  its  remains,  could  be  seen ; 
and  BO  now  I  have  concluded  that,  at  the  glimpse  of  tlie  water,  with  the 
readiness  of  those  who  are  tailing  aalecp,  I  had  adopted  an  external  fact 
into  a  dream ;  that  it  had  aroused  tlw!  trains  of  thought  which,  in  former 
years,  had  occupied  mc ;  and  that,  in  tine,  the  mystery  was  all  a  delusion, 
ajxd  that  I  had  been  frightened  with  less  than  a  shadow." 

The  instructive  story  of  this  physician  teaches  us  how  readily,  and  yet 
bow  impreasively,  the  remains  of  old  ideas  may  be  recalled  ;  how  they 
may,  as  it  were,  be  projected  into  the  space  beyond  us,  and  take  a  posi- 
tion among  existing  realities.  That  such  images  arise  trora  a  pliysical 
impression,  which  has  formerly  been  made  in  the  registering  gangliii,  it 
ig  iraposaible  to  doubt,  and  that  for  their  emergence  from  their  dormant 
state  it  19  necessary  that  there  aliotdd  be  a  dulling  or  blunting  of  con- 
^najizatioiiof  temporancous  Hensationi&,  so  that  lliesc  latent  relics  may 

old  itopieMioiiB  present  themselves  with  a  relatively  equal  force.      This 

tad  new  aevsa^  ...  .    ,       .  .  .1 

tions  nocessary    equalization  01  the  intensity  of  an  old  impression  with  b 

for  viBiQna,  present  senaation  may  lie  brought  about  in  two  different 
ways:  Ist.  By  diminishing  the  force  of  present  senaatiotis,  as  when  we 
Modes  or*c-  are  in  a  reverie,  or  Imve  fallen  asleep,  or  by  breathing  vapors 
^«''«qui^^  u^suited  for  the  BUpjwjrt  of  respiration  ;  2d.  By  increasing  the 
utlen.  activity  of  thosic  parts  of  (lie  brain  in  which  the  old  impres- 

siong  are  stored  up.     On  e.icli  of  these  a  few  remarks  may  be  made. 

Cerebral  vision  depends  on  an  equalisation  in  intensity  between  pres- 
ent sensatioaa  and  old  impressions.  So  long  as  the  former  predominate 
in  power,  the  latter  excite  no  attention  or  are  wholly  overlooked.     This 
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condition  is  illustrated  bj'  Bnch  facts  as  that  the  flame  of  ntuatinLionsaf 
&  candle,  held  against  the  sun,  is  utterly  overpowered  and  '""P'^mi*"''? 
impeTccpliblc,  bnt  is  seen  of  its  proper  brightness  when  it  pulL  oiher. 
is  in  presence  only  of  another  flame  like  itself;  or  as  the  atare,  which 
are  concealed  by  day,  arc  plain  enough  when  the  sun  sets.  Ancient  im- 
presBJons,  liarbored  in  the  optic  thalami,  cun  not  make  thomflelves  felt 
against  sensations  jost  establishing  tbemaelvea ;  for  aa,  when  we  have 
looked  at  a  bright  window  and  then  closed  our  eyes,  the  retinal  phantom 
we  see  becomes  paler  and  paler,  and  after  a  while  dies  out,  so  do  cerebral 
images  undergo  a  diminution  of  intensity  with  lapse  of  time,  though  it 
way  be  questioned  whether  they  ever  entirely  wear  out.  The  law 
which  obtains  in  our  economy  for  other  organs  of  aenac  applies  in  these 
cases  too.  Even  in  contemporaneoualy-occurring  sensations,  nnloaa  there 
!3  soinGthing  like  an  equality  between  them,  the  weaker  makes  no  im- 
presgion  upon  uS.  In  the  presence  of  a  bright  light,  a  lesa  brilliant  one 
can  not  be  seen ;  a  feeble  sound  is  made  inaudible  by  an  intensely  loud 
one;  minute  variations  of  temjieraturo  become  imperceptible  when  we 
are  submitted  to  a  great  heat  or  cold.  Ideas  are  no  more  than  the  ves- 
tiges of  what  were  once  sensations,  ond  are  subjected  to  the  same  phys- 
ical law.  For  them  to  become  embodied,  and  to  cheat  the  mind  into  a 
belief  of  their  re-existence,  equivalent  in  all  regards  to  outward  and  actu- 
ally-existing things,  the  impressions  of  these  latter  must  be  diminished 
in  their  power,  or  the  vigor  of  the  former  must  he.  re-enfurced. 

So>  when  we  are  passing  away  in  sleep,  the  organs  of  sense  no  longer 
convey  their  special  impressions  with  the  clGamess  and  force  -  , 

that  they  did  in  our  waking  hours,  and  this  gives  to  the  do-  oiiiiruiiresaiona 
caying  traces  whicli  are  stored  in  the  registering  ganglia  the  """^^P- 
power  of  drawing  upon  themselves  the  attention  of  the  mind. 

So,  likewise,  in  the  delirium  of  fevers,  the  spectral  phantoms  which 
trouble  the  sick  are  first  seen  when  the  apartment  is  dark-  r-  c 

■  LmeTf^nm  or 

encd  and  kept  silent,  and  especially  when  the  patient  closes  oldiJii[iR>mwns 
hia  eyes.  Until  the  senses  are  more  completely  overwhelm-  "ffj.v«rrJ»dta 
ed,  these  shadows  will  disapMar  on  brie-htly  illurainatinE  ihc  uriiijqi  of 
the  room  or  on  opening  the  eyes.  And  so,  too,  in  the  hour 
of  death,  when  outer  things  are  losing  their  force  upon  the  dim  eye,  and 
dull  ear,  and  worn-out  body,  images  that  have  reference  to  (lie  manner 
of  our  past  life  emerge ;  the  innocent  and  good  being  attended  in  their 
solemnjoumeyby  visions  in  unison  with  their  prior  acCiona  and  thoughts. 
the  evil  with  scenes  of  terror  and  despair;  and  it  is  right  that  it  should 
be  80. 

The  enfeebling  of  sensations  which  we  are  in  the  act  of  receiving 
from  external  sources,  so  as  to  bring  them  on  an  equality  with  those 
which  have  been  long  ago  inn>ressed,  not  only  occurs  in  the  condition 
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^ Mmer*  tie  eiteUUed  bj  fcsarln^  to  certain  pfajsioU 

■MM.  tjgatM amAixm^    riri— ii  iqwn the Ihm, ether acriJeHa- 

aOf  or  parpowly  i^ipGed,  u  intH  bMwn  to  pffodaee  ivh  a  zefloh,  imd. 

in  like  mattoer,  tbe  mbabrion  of  vmrk>ii»  agcnti,  sudi  a«  pai«  h^^dtDgen 
gH,  the  vapor  of  ether  cr  cUoiQlanD,  or  other  BOBHnpponen  of  respii*- 
cioa.  On  tmsthmg  thow  nibetBiices,  MMpathcM  b  soon  ioduced ;  tbe 
external  wrjrU  diuppean  ;  and,  oo  cuzriDg  fonraid  tbe  opeiaAaoii  to  ilA 
<lae  ftxurtiU  t}t«  mind  and  the  brun  are  litctallf  IcAto  thenuettes.  Opiua 
acta  in  like  jnaxtuct,  more  particuWl y  in  the  caae  xii  those  -wbo  have  ac- 
COfltoined  tb«nuelv£a  to  ite  ttodae  uae.  It,  howerer,  not  on^  blunta 
the  force  of  t\fvr  impreHion^,  bat  exerts  a  positive  agencv  in  inten^^-ing 
the  decaying  remaiua  oi  oM  ones.  Utulei  its  Jiill  induencc,  the  tme  ic~ 
lationa  of  space  and  of  time  diaappear :  a  ceuturjr  of  events  is  lired 
throDf;Ii  in  a  single  niglit;  the  vision  can  compreheiKi  distances  ap- 
proaching to  the  infinite ;  and  yet,  under  these  circmnstances,  the  raind 
doea  not  perceive  a  riot  of  incongmoua  combinations,  but  every  thing  is 
prfificntcd  in  a  methodical  and  orderly  way — picturea,  all  the  parts  of 
wlii<;h  arc  in  junt  proportiona  and  severe  keeping  to  each  other,  and  long 
aorjnencex  of  cvenls  which  maintain  a  mutual  harmony. 

But,  att  1  Iiave  just  remarked,  the  equalization  of  new  sensadoBS  witli 
Anlfldnltr  In-  o'*^  impreiiBionB,  which  is  necessary  for  phantom  appearances, 
w*"*'"""7  and  the  incaniation  and  outward  localization  of  ideas — that 
ofiliaiiirainiu-  lA*  ccrcbrul  Vision — may  take  place  by  hcigbtemng  orre-en- 
ciHuu  riicm.  forcing  the  old  impreasiona,  as  well  as  by  diminishing  the 
iiitnnRily  of  lli<^  new  sensations ;  and  as  in  the  fomiet  case,  so  in  this,  tbe 
result  can  bo  reached  in  moiny  ditfetent  wayH,  Whatever  will  cause  In- 
orofttod  fiiriclionjil  activity  of  tlie  cerebral  etnicture  may  recall  these  old 
imagei  in  furctt.  It  is  almost  unnecessary  to  allude  to  tbe  delirium 
which  attends  inHammatory  states  of  the  brain.  Artiticial  experiments 
ai'fi  innrc.  inntriietivc. 

Kor  thy  purpose  of  increasing  the  fimctional  activity  of  the  cerebral 
Cm*  nfrirobn.  Btnicture,  protoxide  of  nitrogen,  by  reason  of  its  greater  soln- 
|iiniirii»ri.(iiiii.  liiljiy  ill  tlip  Uood,  exceeds  in  power  even  oxygen  gas  itselll 
Thirt  HubBliuici',  when  respired,  at  once  awakens  long  trains  of  vivid  idoas, 
tlio  rccolloctton  of  all  kinds  of  former  scenes.  Its  action  is  divisible  into 
Iwn  piTiiiilH,  l]iy  first  corresponding  to  the  hrightened  sensibility  arising 
iVuni  tbv  incretised  oxidation  it  is  establishing  in  the  economy,  the  sec- 
ond lo  the  doprcnainn  which  soon  comes  on  through  the  consequent  ao- 
cunniliition  fif  carltoiiie  acid,  and  wbicli  the  lungs  and  skin  are  unable 
wilii  Millii-iont  quickness  to  remove.  Sir  H,  Davy,  who  first  recognized 
lis  physinlogiciJ  iKjwur,  bus  given  ns  a  graphic  description  of  these  ef- 
frcta.     He  sflvs,  '*  A  thrilling,  extending  from  the  chest  to  the  extrcmi- 
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tiest  was  almost  immediately  produced.  I  felt  a  sense  of  tangible  exten- 
siorit  liigldy  pleaaorabler  in  every  limb.  My  visible  impresaioua  were 
dazzling  and  apparently  magnified.  I  heard  distinctly  every  sound  in 
the  room,  und  was  perteclly  aware  of  my  situaliou,  By  degrees,  as 
the  pleasurable  Bensation  increased,  I  lost  all  connection  with  external 
things;  trains  of  Wvid  "i-isible  images  rapidly  passed  llirough  my  mind, 
and  were  cotinected  with  words  in  such  a  manner  as  to  produce  sensa- 
tions pertectly  novel,  I  exigtied  in  a  world  of  newly-connected  and 
newly-modified  ideaa.  When  I  was  awakened  from  this  scmi-delirions 
trance  by  Dr.  Kinglate,  who  took  the  bag  from  my  mouth,  indignation 
and  pride  were  the  first  feelings  produced  by  the  sight  of  the  persona 
about  me.  My  einotiona  were  enthusiastic  and  sublime,  and  for  a  mo- 
ment I  walked  round  the  room  perfectly  regardless  of  what  was  said  to 
me.  As  I  recovered  my  former  state  of  mind,  I  felt  an  inclination  to 
communicate  the  discoveries  I  had  made  duiiag  the  experiment.  I  en- 
deavored to  recall  the  ideas;  they  were  teeble  and  indistinct.  One  rec- 
ollection of  terms,  however,  presented  itself,  and  with  the  most  intense 
belief  and  prophetic  manner  I  exclaimed  to  Dr.  Kinglake,  '  Nothing  ex- 
ists but  thoughts ;  the  universe  is  compoBed  of  impressions,  ideas,  pleas- 
ures, and  pains.'" 

In  like  manner,  the  intoxication  that  arises  from  alcohol  has  two  dis- 
tinct stages,  depending  on  entirely  different  pbasce  of  its  chemical  action. 
At  first  there  is  an  exaltation  of  effects,  because  of  the  increased  function- 
al activity  establislied ;  but  this,  after  a  time,  is  succeeded  by  a  dullness, 
or  even  stupefaction,  attributable  to  the  impression  which  the  carbonic 
acid  arising  from  the  oxidation  of  the  alcohol  ia  making  upon  the  nerv- 
ous centres. 

By  two  different  methods,  therefore,  ancient  impressiona  Twcmothodsof 
may  be  ei^ualized,  aa  respects  intensity,  with  new  sensations,  eviBiizMion  or 
The  vigor  of  the  former  may  be  increaeed,  or  the  effect  of  and  csisdng 
the  latter  diminished.  wDBitions, 

Equalized  in  any  way  in  their  force,  the  mind  is  ready  to  confound  its 
own  ideas  and  external  forms  together.  A  cause  which,  perhaps,  might 
seem  to  be  trivial,  fastens  the  attention,  and  at  once  a  solitary  form,  or 
even  the  machinery  of  a  long  drama,  emerges.  It  is  no  more  possible  for 
us  to  say  ■g'hy  the  thought  runs  in  one  course  rather  than  another,  and' 
lays  Lqld  of  image  after  image  in  succession,  than  we  can  foretell  the 
Way  of  a  Spark  that  moves  darkling  on  the  ashes  of  a  piece  of  bumed  p^ 
per.     Yet  it  too  runs  io  connected  lines. 

No  better  evidence  can  be  given  that  the  images  "we  are  speaking  of 
are  impressions  of  past  events  registered  in  tlic  brain,  and  which  gain 
the  power  of  drawing  upon  themselves  tlie  attention  of  the  nnnd,  either 
by  their  assuming  an  unwonted  intensity,  or  by  the  diminution  of  the  in- 
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p  ,  .  flucnce  of  newly-arriving  sensations,  than  the  philosophical 
bhsDM  of  ira-  obBervation?  which  have  been  made  by  some  of  th<jse  who 
w^teriliii'irln-  ^^'^  Ixen  liable  1o  these  iofinoiTles  on  their  owii  cases. 
gjHm  uid  ibeir  Thiis,  in  Hucli  &  cose  recorded  in  NidioUon's  Philosophical 
.ai«s™«.  joujjjai^  ^jj  alluded  to  by  Dr.  Hibbert:  '^  had  a  visit," 
said  the  patient,  "from  Dr.  C ,  to  whom,  among  other  remarks,  I  ob- 
served that  I  then  enjoyed  the  satiataclioji  o(  having  cultivatied  my  mor- 
al hat>Lt3,  and  particulariy  in  having  alwaya  endeavored  to  avoid  being 
the  slave  of  fear.  '  I  think,'  said  I,  'that  this  is  the  breaking  up  of  thfi 
Byatem,  and  that  it  is  now  in  progress  to  epeedy  destruciion.  In  this 
state,  wl^u  ihs  senses  have  become  confused,  and  no  longer  tell  me  the 
truth,  they  still  present  mc  willi  pleasing  fictions,  and  my  siitferings  »ro 
mitigated  by  that  calmness  which  sJIoms  inc  to  find  amusement  in  what 
are  probably  the  concluding  scenes  of  life.'  I  give  these  Beltktongratnla- 
tions  witlioat  Bcniplc,  more  particularly  because  they  led  to  an  observa" 
tion  of  tact  which  deSGTves  notice.  ^Vhen  the  doctor  left  me,  my  reUx- 
ed  attention  turned  to  the  phantasms,  and  some  thne  afterward,  instead 
of  a  pleasing  face,  a  visagi?  of  extreme  rage  appeajed,  wliich  presented  a 
gun  at  me,  and  niado  me  start ;  but  it  remained  the  usual  time,  and  then 
gradually  faded  away.  This  immediately  showed  me  the  probability  of 
sonic  conuettion  between  my  thoughts  and  tliese  images,  for  I  ascribed 
tlie  angrj'  phantasm  to  the  general  rcllection  I  had  formed  in  conversa- 
tion with  Dr.  C .     I  recollected  some  disquisitions  of  Loekt?,  in  his 

treatise  on  the  Conduct  of  the  Mind,  where  he  endeavors  to  account  for 
the  appearance  of  faces  lo  persona  of  nervous  habits.  It  seamed  to  me 
as  if  faces  in  all  their  moiUficationB,  being  so  associated  with  our  recol- 
lections of  the  affections  of  passions,  would  be  most  hkely  to  offer  them- 
selves in  delirium ;  but  I  now  thought  it  probable  tliat  other  objects 
could  l>e  seen,  if  previously  meditated  upon.  With  tins  motive  it  was 
that  I  reflected  upon  landscapes  and  scenes  of  architectural  grandeur 
while  the  faces  were  flashing  before  me,  and  after  a  considerable  interval 
of  time,  of  which  I  can  form  no  precise  judgment,  a  rural  scene  of  hills, 
Tilleys,  and  fields  appeared  before  me,  which  was  succeeded  by  another 
and  another  in  ceaseless  succession,  the  manner  and  times  of  theii  respect- 
ive appearance,  duration,  and  vanishing  being  not  sensibly  diiferent  from 
that  of  tJie  faces.  All  the  scenes  were  calm  and  still,  -(viihouta-ny  strong 
light  or  glare,  and  dehghtfully  calculated  to  inspire  notions  of  retirement, 
of  tranquillity,  and  happy  meditation."  The  same  TiTiter  adds  in  anoth- 
er place,  "  The  figures  returned,  but  now  they  consisted  either  of  books, 
or  parehments,  or  papers  containing  printed  matter,  I  do  not  knoir 
whether  1  read  any  of  them,  hut  am  at  present  inclined  to  think  that  they 
were  not  either  distinctly  legible,  or  did  not  remain  a  sufficient  time  be- 
fore they  vanished.     I  was  now  so  well  aware  of  the  connection  of  thought 
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with  their  appearances,  that,  by  iixing  mj  mini  on  the  consideration  of 
manuscript  instead  of  printed  type,  the  paper  appeared,  after  a  time,  only 
with  rannuacript  writing ;  and  aftcr^'ard,  by  (lie  same  proceas,  instead  of 
being  erect,  they  were  all  inverted,  or  appeared  upside  down." 

We  can  not  fail  to  remark  the  close  resemblance  between  these  illu- 
sions, arising  from  a  6xed  meditation  on  recollected  scenery,  „  , .  , 
and  the  phantoms  whicU  are  witnessed  after  our  gaze  hag  izaiiwnofpijMi- 
been  steadily  directed  to  aome  brightly -ill  aminated  object,  ^**"'*' 
&B  a  window,  when  we  first  awake.  Li  both  there  ia  the  same  subdued 
and  uncertain  brilliancy  of  etileet ;  in  both  the  fianic  graduid  fading  away  ; 
in  both  the  nolnd  does  not  refer  the  image  it  contemplates  to  an  inward 
point  or  place,  but  seta  it  forth  outwardly,  projecting  it  into  the  empty 
or  Occupied  region  beyond.  In  inverse  as  in  ordinaiy  vision,  the  law  of 
the  line  of  visible  direction  13  enforced,  and  this  reference  of  cerebral  im- 
agea  to  a  detinite  point  in  outer  epace  ia  a  phenomenon  of  the  sunie  kind 
as  the  ap[>earance  of  the  invisible  coin  on  pouring  water  into  a  basin,  the 
lifting  of  ships  into  the  air  by  atmospheric  refraction,  the  appearance  of 
the  sun  and  moon  every  day  above  the  horizon  before  they  have  actu- 
ally risen  and  after  they  have  &et»  and  many  other  optical  illusions  that 
might  be  mentioned. 

Physiology,  though  full  of  telcological  lUustrations — that  13,  examples 

of  the  use  o(  means  for  the  accomplishment  of  an  end — has  _. 

*  The  ncrvouB 

none  more  worthy  of  our  consideration  than  tliis  of  inverse  fiici:iianbino»i. 
rision.  Men  in  every  part  of  the  world,  even  among  na-  di^^^ft,l''imr 
tiona  the  most  abject  and  barbarous,  hhve  an  abiding  faith  muruilUrrftiii' 
not  only  in  the  existence  of  a  spirit  that  animates  us,  but 
&Iso  in  ita  immoriaJi  ty.  Of  these  there  are  multitudes  who  have  been 
shut  out  from  all  communion  with  civilized  countries;,  whg  have  never 
been  enlightened  by  revelation,  and  who  are  mentally  incapable  of  rea- 
soning out  for  themselves  arguments  in  support  of  those  great  truths, 
Under  such  circnmatanees^  it  is  not  very  likely  that  tlie  uncertainties  of 
tradition  derived  from  remote  ages  could  be  any  guide  to  them,  for  tra^ 
dilions  soon  disappear  except  they  be  connected  with  the  wants  of  daily 
lii'e.  Con  there  be,  in  a  philosophical  view,  any  thing  loore  interesting 
than  the  manner  in  wiiieb  these  defects  have  been  provided  for,  by  im- 
planting in.  the  veiy  organization  of  every  man  the  means  of  constantly 
admonishing  him  of  these  facts,  of  recalling  tJiem  with,  an  unexpected 
vividness  Ijcfore  him,  even  after  they  have  become  so  faint  as  almost  to 
die  out?  Let  him  be  as  debaged  and  benighted  a  savage  as  he  may, 
shut  out  from  all  communion  with  races  whom  Providence  has  placed  in 
happier  circumstances,  he  has  still  the  same  organization,  and  is  liable  to 
the  eamc  physiological  incidents  as  ourselves.  Like  us,  he  aces  in  his 
viaicns  the  fading  forms  of  landscaijes,  which  ai-e,  perhaps,  connected  with 
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tome  of  Ilia  most  grateftil  TocoUections ;  and  -what  other  conclusion  c*n 
he  poeaiblj  denve  from  lU&e  unre^  pictures  than  that  thsj  arc  tine  fore- 
shadowing of  another  lan^  Levond  that  in  wliich  his  lot  i^  cast?  Uke 
us,  he  is  visited  at  interfals  bj*  the  resemblances  of  those  whom  be  ha? 
loved  or  hated  while  they  were  alive ;  nor  can  he  ever  be  so  brutaJized  of 
not  to  tliscem  in  ench  manifestations  suggeationa  wliich  to  him  are  in- 
controvertible proofs  of  the  existence  and  immortality  of  the  sonL  Even 
in  the  most  refined  social  conditions  we  sib  never  able  to  shake  off  the 
itnpresslon  of  these  occnrrences,  and  are  perpctnallj  drawing  from  them 
the  same  conclusions  as  did  our  miciTili^ed  ancestors.  Oiir  more  ete- 
rated  condition  of  life  in  no  respect  relieves  ns  fiom  the  ineii-it^We  con- 
■eqaences  of  oar  own  organisation  any  more  than  it  relieves  ua  fix>m  in- 
fiimities  and  disease.  In  these  rci<pccts,  all  over  the  globe,  we  are  on  an 
eqnalitj.  Savage  or  civilized,  we  cany  about  within  us  a  mechanism  in- 
tended to  present  ue  with  mementoes  of  the  most  solemn  facta  wiih  which 
we  can  be  concerned,  and  the  voice  of  history  tells  us  that  it  has  ever  been 
true  to  its  design-  It  wants  only  moments  of  repose  or  of  sickness,  when 
the  influence  of  external  things  is  diminished,  to  come  into  inll  play,  and 
these  are  precisely  the  moments  when  we  are  best  pPepared  for  the  truths 
it  is  going  to  suggest.  Sauh  a  mechanism  is  in  keeping  with  the  man- 
ner in  which  the  course  of  natxire  is  fiilfilled,  and  bears  in  its  very  style 
the  impress  of  invariability  of  action.  It  is  no  respecter  of  i^raons-  It 
neither  permits  the  li^iigbliest  to  be  free  from  the  monitions,  nor  leaves 
the  humblest  without  the  consolation  of  a  knowledge  of  anotlier  life. 
Liable  to  no  mischances,  open  to  no  opportuniiiea  of  being  tampered  with 
by  the  designing  or  interested,  renuiring  no  extraneous  Immaji  agency  for 
its  effect,  but  always  present  with  each  man,  wherever  he  may  go,  it 
raarvelously  extracts  from  vestiges  of  the  impressions  of  the  past  over- 
whelming proofs  of  the  reahty  of  the  future,  and,  gathering  its  power  from 
what  would  seem  to  be  a  most  unlikely  source,  it  insensibly  leads  ns, 
no  matter  who  or  where  we  may  be,  to  a  profound  belief  in  the  iminortal 
and  impcrisliablc,  from  phantoms  which  have  scarcely  made  their  appear- 
ance beJore  they  are  ready  to  vanish  away. 

It  is  scarcely  necessary  for  me  to  do  more  than  barely  refer  to  tlie  as- 
sertions of  those  who  would  have  it  believed  that  they  look  upon  all 
these  appearances  as  ficlions  and  deliberate  impostxires..  What  is  to  be- 
come of  all  history  if  auch  a  doctrine  could  be  maintained  ?  Hnman  ev- 
idence must  be  regarded  as  utterly  worthless.  Moreover,  no  one  denies 
the  existence  of  dreams,  and  the  phenomena  we  have  been  here  treatiiig 
of  are  philosophically  of  the  same  order. 
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CHAPTER  XXn. 

OF  TOUCH,  AND  THE  DETERMINATIOV  OF  PRESSURES  AND  TEMPERA- 
TURES. 

Fmctianji  af  lUe  iarlilr  HffchanUm .-  its  Stiticttire. — Region*  Itftiiffirent  Sensiiwetiisn.^  Con^r- 

aliie  I'ilifiiioI'Mjg  0/  Ttnirk. — Eiliaitllt-  o/phytuuil  Qiuiiiliai. 
Pei'ctjiliuii  (if  Tt^aperature. — StAjeiftipe  StaaaCiamf  of  Trrnperaian, 

The  tactile  organ  is  the  skin,  or  some  part,  tnodification,  or  append- 
age of  it.  The  generftl  Junctions  of  the  sfcm  have  been  al-  Fuuofmnsor 
ready  described.  It  remains  to  speak  of  it  in  connection  with  Jnetfa'a^m. 
the  sense  of  touch. 

An  impression  has  long  prevailed  among  physiologiats  that  thia  senae 
should  be  conaidered  aa  offering  several  eiibdiviaiona.  Thus,  for  in- 
stance, we  liave  a  confldonsneBS  of  the  gcneml  condition  of  the  muscular 
system — muscular  SGnae,  as  it  might  }>e  termed — and  this,  in  some  cases, 
is  exquisitely  perfect,  as  may  be  gathered  from  what  has  been  said  re- 
garding the  tensor  tympani  and  stapedius  muscles  in  the  chapter  on 
hearing.  Distinct  from  this  is  our  appreciation  of  pain  or  pleasure,  and 
BO  also  our  eatimalion  of  temperatures.  Adclon  has  indeed  maintained 
that  the  cognizance  of  temperatures  ia  the  primary  or  chief  function  of 
this  senae.  It  will  be  sufficient,  however,  for  our  purpose,  leaving  out 
these  minor  subdivisions,  to  direct  our  attention  to  the  more  important, 
and  to  consider  the  tactile  organ  as  devoted  to  two  uses :  1st,  the  appre- 
eifttion  of  pressures ;  2d,  of  temperatures.  Preaaures  doubtless  act  upon 
the  skin  in  a  purely  mechanical  way ;  temperatures  Operate  by  inducing 
a  variation  in  the  rate  of  waste  and  nutrition.  At  a  certain  point,  even 
this  distinction  ceases,  for  pressures,  when  they  reach  a  sufficient  intensi- 
ty, intcrlere  with  the  supply  of  arterial  blood  or  the  removal  of  venous, 
and  thereby  change  the  rate  of  nutrition  and  waste,  acting,  as  far  as 
this  goes,  in  a  manner  not  unlike  that  of  the  variations  of  temperature. 

In  man,  the  skin  possesacs  tactility  to  a  different  degree  in  different 
regions.  On  the  tips  of  the  fingers  and  on  the  lips  the  sen-  „  .  .^. 
aory  perception  is  most  acute,  while  it  is  at  a  mininiura  on  fcr«nca  la  uo- 
ihe  tnink  and  thigh.  In  other  mammala,  which  are  covered  '  "^' 
with  hair  or  wool,  the  sense  of  touch  is  much  more  restricted.  Its 
proper  organ  ia  to  be  regarded  aa  arising  from  a  concentration  of  genera! 
sensibility  of  the  skin  upon  a  special  construction,  the  papiihiry  body, 
OS  it  ia  termed.     The  organs  of  vision  and  hearing  consist  essentially  of 
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two  portions,  a  receiving  and  a  n^efvoua,  the  former  licing  conatmctexl  oti 
the  principles  of  optics  in  the  one  <2a.se,  and  of  acoustics  in  the  other.  .-V 
similar  donbleneas  of  structure  may  be  recognized  in  the  instance  now 
before  us,  iliough  with  a  ditierence  of  eifect,  for  in  thoee  cases  tii«  onter 
Qv  receiving  organ  ia  for  the  purpose  of  more  powerfully  concentmling 
the  influence  received,  but  in  touyh  it  is  the  reverse.  The  office  of  the 
cuticle,  which  covers  over  the  true  akin,  is  to  render  it  leas  sensitive  to 
extemal  impressions,  and  for  this  reason^  thereforct  it  varies  in  tfaick- 
nesa  in  diifercnt  regions,  being  less  developed  on  those  portions  tJiat  are 
more  particularly  devoted  to  tactile  sensibilily.  Considering  the  hand. 
Structure  of  or-  *''''  peihapp.  moiT!  correctly,  the  tips  of  the  lingera,  as  being 
gan  ofttmch.  chiefly  devoted  to  the  purposes  of  touch,  no  construction 
could  be  conceived  of  licEter  adapted  to  that  end.  Placed  at  the  extrem- 
ity of  the  arm,  a  lever  wliicli  13  jointetl  at  its  middle,  the  elbow,  and  tic 
fore  part  of  which  lias  a  motion  of  partial  rotation,  pronation,  and  supina- 
tion upon  its  oTvi]  axis,  the  hand  being  carried  ao  that  its  palm  presents 
upward  or  downward,  or  in  any  of  the  intermediate  posltioiis  included  in 
tlie  half-circular  motion— jointed  again  by  the  bones  of  the  ■BTi&t,  so  as 
to  obtain  a  hinge-like  movement,  tlie  hand  may  be  flexed  or  extended 
almost  180  degrees  upon  the  forearm.  Its  bony  stnieture,  subdivided 
into  suitable  pieces,  is  clothed  with  a  multitude  of  muscles  or  their  ten- 
dons. In  the  fingers  and  thumb  the  structure  breaks  up  into  ttve  sep- 
arate pieces,  possessed  of  an  incredible  iimmcsa  when  we  consider  tl»« 
numberlesg  motions  which  can  be  accorupUshed.  The  position  and  ar- 
ticulation of  the  thumb,  which  enaUea  it  to  set  itedf  in  opposition  to 
the  other  four  digits,  a  feature  which  constitutes  a  hand,  properly  speak- 
ing,  gives  the  power  of  grasping  things  perfectly,  and  makes  the  whole 
organ  a  i>erttict  mechanism  of  prehension^  Tiie  papillary  structure,  de- 
veloped in  its  utmost  refinement  on  the  tips  of  tiie  fingers,  and  fonilied 
behind  by  the  nails,  whicli  present  moderate  resistance  to  presatires,  com- 
pletes this  contrivance,  which,  from  its  perfect  adaptation  to  the  Uses  to 
which  it  ia  devoted,  its  power,  ita  delicacy,  and  the  infinite  movements 
which  it  can  accomplish,  ia  not  surpassed  as  an  exiimple  of  the  adapta- 
tion of  means  for  the  accomplishment  of  an  end  by  any  other  structure 
of  the  body.  There  have  lieen  authors  who  have  assorted  that  the  su- 
periority of  man  over  other  anim;tU  may  be  entirely  accounted  for  by  his 
possession  of  a  hand — &  statement  which,  ihoiigli  it  can  not  be  main- 
tained in  its  generality,  is  yet  a  very  good  proof  of  the  apprecintion  iii 
which  this  wonderful  instrument  is  held  by  those  who  have  studied  its 
construction  and  functions  most  closely. 

Between  the  indications  that  have  to  be  dealt  with  by  the  hand  as 
an  organ  of  touch,  and  those  dealt  with  by  the  eye  and  ear,  there  is  an 
esBential  dtflerence.     The  eye,  for  example,  receives  the  pictures  of  ex- 
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temal  objects  upon  a  surface,  but  the  hand  ejcamines  tlie  ao-  „  .  . 
lidity  ol  bodies,  llie  former  la  occupied  with  length  and  or  Boiidiiy  Uv 
breadth  ;  the  latter  with  all  three  dimenaionB,  length,  breadlli,  ""  '^''"^■ 
and  tkicknesB  conjointly.  (Jur  notions  of  solidity  arc  to  no  little  extent 
obtained  in  this  way,  as  waa  proved  in  the  case  of  Cheselden's  patient, 
who  had  been  blind  from  birth,  and  to  whom  vision  was  given  by  a  suo 
cesafut  operation  for  cataract,  and  still  more  recently  by  a  similar  case 
of  Franz.  In  this  instance,  "■a  solid  cube  and  a  sphere,  each  of  four 
inches  diameter,  were  placed  before  the  patttint,  at  the  distance  of  tliree 
feet,  and  on  a  level  with  the  eye.  After  attentively  examining  these 
bodies,  he  said  he  saw  a  quadrangular  and  a  circular  figure*  andt  after 
some  consideration,  he  pronounced  the  one  a  Bquarc  and  the  other  a  disk. 
His  eye  being  then  closed,  the  cube  waa  taken  away,  and  a  disk  of  equal 
size  substituted,  and  placed  next  to  the  sphere.  On  again  opening  Ids 
eye,  he  observed  no  difference  in  these  objects,  but  regarded  tlicni  both 
aa  di&ke.  The  solid  cube  was  now  placed  in  a  somewhat  ohlif|ue  posi- 
tion before  the  eye,  and,  close  beside  it,  a  figure  cut  out  of  pasteboard, 
representing  a  plain  outline  prospect  of  the  cube  when  in  this  position: 
both  objectH  he  took  to  be  somewhat  like  a  flat  quadrate.  A  pyramid 
placed  before  him,  with  one  of  its  aides  turned  toward  his  eye,  he  saw  as 
a  plain  triangle.  This  object  was  now  turned  a  little,  so  as  to  present 
two  of  its  sides  to  view,  but  rather  more  of  One  side  than  of  the  other : 
after  considering  and  examining  it  for  a  long  time,  he  said  liiat  this  wag 
a  very  extraordinary  figure  ;  it  was  neither  a  triangle,  nor  a  ([uadrangle. 
nor  a  circle — he  had  no  idea  of  it,  and  could  not  describe  it :  'in  fact,' 
said  he,  '  I  must  give  if  up.'  An  example  of  the  close  association  which 
exists  between  the  sense  of  touch  and  llnat  of  Bight,  in  enabling  the  mind 
to  form  a  correct  idea  of  an  object,  is  afforded  in  the  statement  of  this 
patient,  that,  although  by  tlie  sense  of  sighs  he  could  detect  a  difference 
in  the  cube  and  sphere,  and  perceive  that  they  were  not  drawings,  yet 
he  could  not  form  trom  them  the  idea  of  a  square  and  a  disk  until  he 
perceived  a  sensation  of  what  he  saw  in  the  points  of  his  fingers  as  if  he 
really  touched  the  objects.  When  he  took  the  sphere,  cube,  and  pyra- 
mid into  his  hand,  he  was  astonished  that  he  had  not  recognized  them  as 
such  by  sight,  being  well  acquainted  with  ihpm  by  touch." 

The  mechanism  for  touch,  aa  distinguished  from  tlie  general  dermoid 
sensibility,  is  the  papillffi,  which  may  be  described  as  conical  gt^^^j^^-f 
eminences  on  the  cutis,  at  once  solid  and  flexible,  sometimes  pupiUreof 
clavate  in  form,  and  sometimes  having  numerous  points.  They  '^""'^  " 
are  about  the  -^^  of  an  inch  in  height,  and  the  j^  of  an  inch  in  diam- 
eter  at  tlieir  base,  theae  dimensions  varj-ing,  however,  very  greatly  with 
the  situation.  They  contain  a  loop  of  blooil-vessela  and  a  twig  of  a 
sensory  nerve,  for  all  the  centripetal  ncrvea,  with  the  exception  of  those 
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devoted  to  t!ic  special  senses,  may  be  regarded  &s  concerned  in  tliia  fiiiMS 
tion.  Tlio  papilUe  contain  an  elastic  aubatance — asile  body^  as  it  is  lorm- 
od — which  serves  to  heighten  the  sense,  and  the  yielding  atrucliire  of  the 
skin  aids  in  the  same  effect.  The  papillBe  arc  covered  over  with  the  cuti- 
ele,  through  vrhiuh,  tberetbtc,  all  «9.iw. 

octiou  on  them  must  take  place,  i 


F'".  •Jf.'L 


lilMI: 


IBlDiiilu  iiBiilLlit',  liuuRlllEil  JO  ilikniaUn. 


tiUJU pound  liBptliM.  tuiv^lLIUcu  tri  ulAU<«l<(!ni 


I^i^.  303  (Todd  and  BowTnan)  represents  simple  papilhe  of  the  palm, 
the  cuticle  having  been  detached.  J^iff.  204  (KoUiker),  c0ni[5ouinl  pa]>vl- 
la),  with  two,  three,  or  four  points :  a,  base  of  a  papilla ;  A,  i>,  b,  separate 
processes;  c,  c,  c,  processes  of  papillie  whose  bases  are  not  ^islhle. 

The  mode  in  which  the  nerve  fibre  terminates  in  the  papilla  is  as  yet 
fhe  Paciaian  doubtful,  some  asserting  that  it  is  arranged  as  a  returning 
iwdica.  loop,  and  some  that  it  is  by  a  pointed  extremity.     This  tat- 

ter mode  is  thought  to  be  illustrated  by  tlie  structure  of  the  bodies  term- 
ed Pacinian,  which  arc  ovoid  in  form,  ^xo  -^  of  an  incli  in  length,  -^  to 
j*j  In  breadth,  and  attached  by  a  pedicle  to  many  of  the  cerebro-spinal 
imd  sympathetic  nerve  hraiichea.  Each  consisls  of  many  concentric 
memhranoDS  layers,  arranged  hke  the  coats  of  an  onion,  the  interior  ones 
closer  than  the  exterior.  They  have  a  central  cavity,  distended  by  a 
tluid,  which  also  intervenes  between  the  coats.  Across  tins  cavity,  and 
occupying  exactly  its  axis,  a  nerve  fibre,  which  has  cast  off  its  white 
sheath,  passes,  terinitiating  at  the  other  end  cither  in  branches  or  a  knob. 
The  use  of  these  bodies  is  wholly  unknown,  and  even  their  structure  is 
doubtful,  the  existence  of  the  central  hquid  rcfcnred  to  being  denied  by 
some  anatomists. 

The  sensitiveness  of  a  part  is  in  proportion  to  tlie  number  of  papilhe 
TheseiiBidve-  '*  contains.  Tables  have  been  constructed  setting  forth  the 
DBH  of  differ-  relations  of  diiferent  regions,  as  determined  by  placing  a  pair 
regionB.  ^^  compasses,  thc  points  of  which  were  covered  with  cork,  on 
the  parts  to  be  tded,  the  eyes  being  shut,  and  closing  the  compasses  iin- 
li!  the  pieces  of  cork  could  no  longer  be  distinguiahed  as  separate.  It 
appears  that  this  will  take  place  on  the  tip  of  the  tongue  when  the  points 
are  the  :^  of  an  inch  apart ;  on  the  tip  of  the  third  phalanx,  at  the  -^ 
of  an  inch ;  on  the  lips,  the  one  sixth  of  an  incli ;  tip  of  the  great  toe, 
half  an  inch;  the  lower  part  of  the  occiput,  1  inch;  and  on  thc  middle 
of  thc  thigh,  2J  inches. 

No  part  of  the  skin  la  entirely  devoid  of  sensitiveness,  as  Kolliker  has 
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shown  by  examinatjotia  with  a  fine  needle.     At  first  he  „ 

.  .  ...      Every  pirt  of 

thought  he  had  found  some  places  which  were  quite  inaensi-  Uib  ekia  Usen. 
hie,  wliile  in  others  the  alighteat  touch  produced  sensation;  ""^'^• 
but  on  carrying  t!ie  inveBtigatioii  farther,  it  appeared  that  the  very  sanje 
place  was  flometimea  sensible  and  sometimes  not,  so  that  linally  he  came 
to  the  conclusion  that  the  very  sTnalleat  portions  of  the  skin  are  sensi- 
tive. But  sincp,  even  in  the  palm  of  the  hand,  the  papilla:  containing 
nerves  are  widely  dispersed,  and  in  other  places  occur  but  raicly,  or 
even  not  at  all,  he  intVrs  that  it  ia  necessary  to  assume  the  existence  of 
non-meduUated  fibms  in  all  the  papUlie,  or  to  have  recourse  to  the  nerv- 
ous plexus  at  their  base,  since  he  believes  it  is  not  possible  to  demon- 
strate nervea  in  every  one  of  those  bodies. 

The  nerves  supplying  the  papilla?  may  perliaps  be  said  to  ascend 
through  the  cutis,  continually  branching,  and  forming  eventu-  p.piiun- 
ally  terminal  plc?iuse».  The  primitive  tubules  themselves  di-  nerves, 
viding  at  an  acute  angle  into  two,  and  entering  the  papilla;,  they  are 
united  at  their  extremiltea  in  a  loop.  Of  course,  tliis  conslraction  in- 
volves the  fact  that  they  have  freed  themselves  from  the  white  substance 
of  Schwann.  The  impression  made  on  these  exposed  nen-ous  ■fibrils  is 
by  many  regarded  as  of  a  purely  mechanical  kind.  They  may  be  affect- 
ed not  merely  by  vertical  pressureSi  but  likewise  by  those  exerted  in  the 
direction  of  the  plane  of  the  skin,  and  tliis  accounts  for  tactile  sensation 
on  portions  of  that  surface  which  are  either  sparsely  or  not  at  all  sup- 
plied with  nerve  fibrils.  To  this  effect  the  unj'ieldiug  and  horny  tcstute 
of  the  cuticle  doubtless  contributes. 

No  papilla;  are  found  in  invertebrate  animals.  Among  vertebrates 
they  are  variously  difiposed.  In  lizards  they  occur  under  Touch  in  oiber 
the  toes  5  in  the  chameleon,  and  some  of  the  ant-eaters,  which  vpricbrotM. 
use  their  tails  for  tactile  purposes,  they  are  found  upon  tliat  organ.  In 
the  spi-iiig  seiison  of  the  year  tbey  are  temjwrarily  developed  on  the  tliumb 
of  the  irog.  Among  birds  they  are  found  upon  the  toes,  or,  if  web-foot- 
ed, upon  the  web  ;  in  the  mole  on  the  tip  of  the  snout.  In  the  tapir  and 
elephant  they  occur  upon  the  trunk ;  among  the  quadrumaua^  on  the 
hands  tuid  feet,  and  in  some  also  ujion  the  tail.  The  whiskers  of  the  cat, 
the  rat,  the  rabbit,  may  be  regarded  as  appendages  to  tlie  tactile  organs, 
enabling  them  to  find  their  way  llirough  narrow  passages  in  the  dark. 
Among  articulflta  the  anternffi  have  doubtless,  with  their  other  functions, 
a  similar  iiae.  Men  who  have  become  blind  often  guide  their  steps  by 
tneana  of  a  stick,  judging  from  the  sensations  which  its  contact  with  sur- 
rounding bodies  imparts  to  the  hand:  it  ia  in  all  respects  a  teiniporary 
antenna. 

t>ur  estimates  of  llic  hardness  and  softness,  roughness  and  smoothness 
of  bodies,  is  primarily  dependent  on  indications  derived  from  the  sense 
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EsUmato  of  of  touch.  We  should  make  a  distinction,  however,  with 
physical  qiull-  Maeendip,  between,  t'celine  and  toucbinff,  the  tbrmer  beine 
esaentialiy  passive,  tiie  latter  active;  and  though  we  usu- 
hre^MbK  ^^y  suppose  tliat,  of  all  our  aciisea,  touch  is  tlie  moat  reli- 
aadtoiniliing.  able,  it  often  conveys  to  the  mind  illusory  impresBions,  as. 
for  instance,  iu  the  well-known  experiment  of  Aristotle,  when  the  tips  of 
the  ringers  arc  croaaed  over  each  other,  and  a  jiea  rolled  beneath  tJietn,  it 
seems  aa  if  there  were  two  peas,  one  under  each  finger.  The  indications 
of  touch  are  generally  more  correct  tlian  those  of  t'ecliug.  Thus,  if  wc 
close  our  eyes,  and  anotbej  person  moves  ibe  tip  of  our  fioger  over  an 
unknown  surface,  he  can  completely  deceive  us  by  duly  varying  the  press- 
ure, and  make  us  believe  that  it  is  concave  or  convex,  wliereas  it  may  be 
flat ;  but  if  we  paes  our  fingera  over  the  surface  ourseIvea^wc  very  quick- 
ly come  to  a  true  conclusion,  because  now  we  are  conscioua  of  the  cscr- 
tion  of  muscular  power ;  and  from  what  has  been  aaid  respecting  hearing, 
we  may  infer  how  delicate  our  estimate  of  muscular  exertion  is.  The 
former  is  therefore  an  example  of  feeling,  the  latter  of  touch. 

Connected  with  this  distinction  are  the  singular  phenomena  of  tick- 
Ung;  the  regions  moat  readily  aftected  by  thU  are  those  of  low 
tactile  eenaibility.  A  person  can  not  tickle  himself,  though  i1 
is  said  tliat  cases  are  upon  record  in  whieli  one  has  been  tickled  to  death 
by  another.  As  in  the  other  cases,  the  mind  can  direct  attention  exclu- 
sively, for  the  time  being,  to  some  one  indication  of  touch,  which,  though 
it  may  be  apparently  insignificant  in  itself,  becomes,  after  a  while,  pei^ 
fectly  intolerable,  as  the  pressure  of  a  hair,  a  gentle  draught,  or  the  iiJl- 
EoTO.«inso{im-  ^^g  ^^  water,  drop  by  drop,  on  the  top  of  tlie  head ;  and,  as 
pmsivna.  with  them,  an  impression  which  is  made  does  not  Instanta- 
neously disappear,  but  will  somctimea  continue  for  quite  a  considenible 
Eime-  A  ring  or  other  article  that  has  been  long  worn  will  leave  a  sen- 
sation, thongh  it  may  have  been  removed^ 

Besides  affording  an  estimate  of  external  pressures,  the  sensory  OTgao. 
ennbtea  us  to  discover  variations  of  temperature.  It  may  therefore  be 
thus  effected  by  bodies  Upon  cotitact  or  by  bodies  at  a  distance;  and 
PerpepUan  of  tliough  we  usually  confound  the  two  indications  togetlicr, 
tempvfBiuK  there  is,  in  reality,  a  distinction  between  them  :  thus,  in  cei- 
that  orpn>«s.  tain  conditions  oi  paralysis,  the  indications  of  the  contact  of 
"'*'  bodies  may  remain,  but  those  of  heat  and  cold  may  have  to- 

tally disappeared.  On  examining  a  surface  from  which  the  skin  has 
been  removed,  it  does  not  appear  capable  of  distinguishing  hot  from  cold 
bodies,  but  only  conimumcates  to  the  mind  an  indeHnttc  sensation  of 
[deal  gf  heac  pain ;  nor  can  we  cfcale  sensations  of  heat  or  cold  by  any  ir- 
"tTrt^mi-  citation  of  the  nerves.  The  measure  of  temperature  by  the 
Sdall;.  agency  of  the  skin  is  very  far  horn  being  exact,  as  has  been 
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provetl  hj  tHe  simple  experiment  ol'  dipping  the  finger  into  very  warm 

water,  and  then  tlie  whole  hand  into  water  many  degrees  cooler.     The. 

increased  extent  of  surtatsi  seerns  to  overcompeiiaate  for  the  r, 

,  ,      .         DeccpUnns  o( 

lower  lemperatare,  and  we  come  to  the  erroneous  coiiciuafon  thesu-aioof 
that  the  cooler  specimen  is  the  warraer  of  the  two  samples.     """"^ 

A3  sounds  may  be  heard  which  have  no  reaUty,  but  merely  originate 
in  the  bfain,  ot  spectral  illusions  may  be  seen,  ao  the  sciiaO  Suiijifiivesun- 
of  touch  is  subject  to  similar  hallucinations,  as  a  sensation  •»'"""*'■'  '"uuii 

J  '  and  ttmperA> 

of  pressure  or  weight,  or  the  crawling  of  insects  on  the  skin;  lare. 
and  though  we  can  not,  by  artilicial  irritation  of  the  nervea,  give  rise  to 
impressions  of  heat  and  cold,  those  effects  very  frequently  occur  in  this 
interior  or  subjective  way. 


CTIAPTER  XXIIt. 

OF  ISEBLLING,  AND  THE  MEANS  OF  DISTISGUISmNG  GASEOUS  AND  VA- 
POROLS  SLTBSTANCES. 

Strveitm  oftkt  On^oii  ef  Simti — /(*  pri^r  TiulrumeHl  the  First  Pair  qf'Navti, — LitmUed  Ha- 
fioH  ^'SmelL — CoatSliwit  o/'Uif^'wt  Attwn. — lJwuii<m  0/  Odurt, — Thsir  LocaJisalitm, — 

Stiljectk-e  Odtrrt, 

Br  the  sense  of  smell  we  are  able  to  distinguish  many  gaseous  and 
vaporous  aubatanoes  from  one  anollier.  They  enter  the  nos-  -  f  -11 
trils  witli  the  respiratory  current,  and  are  brought  in  con-  forKaew^nd 
tact  witli  the  olfactory  or  SchneideriaTi  membrane.  Though  ^■i"*"- 
received  at  first  in  the  elastic  state,  they  become  dissolved  in  the  mucus 
which  moistens  that  merabrane.  It  does  not  follow,  however,  that  all 
vaporous  substances  give  rise  to  the  perception  of  an  odor ;  for  esaniple, 
water  itself  communicates  no  sensation  whatever.  Again,  there  are  other 
bodies,  as,  for  instance,  musk,  which  yield  an  odor  far  more  Delicacy gfthi* 
poweriiil  than  corresponds  to  their  loss  of  weiglit.  Thus  it  p"i*ptwu. 
is  said  that  that  substance  may  be  exposed  for  years  in  an  apartment,  dif- 
fusing all  the  time  its  j^nelrating  emanations,  ami  yet  not  becoming 
lighter.  Such  statements  arc,  however,  on  their  face,  exaggerations. 
There  cnu  be  no  doubt  tliat  tbo  olfactory  organs  detect  e^ittemely  minute 
portions  of  matter.  In  most  cases,  elevation  of  the  temperature  of  a 
body  incrGa.?eB  its  odorous  eflect. 

The  priniBiy  uses  of  the  fimction  of  smell  are  for  a  discrimination  of 
the  qualities  of  food,  or  its  condition,  and  also  for  enabling 
an  anmial  with  greater  faculty  to  provide  itselt  with  supplies. 
Hence  the  development  of  lliis  structure  takes  place  in  tlie  utmost  per- 
fectioti  among  the  camivora,  which  oilen  depend  almost  exclusively  upon 
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tills  faculty  for  the  pursuit  of  their  prey.  But  even  in  tht  herbivom  it 
la  well  marked,  and  furiiiahea  them,  though  less  exactly,  similar  indica- 
tions. In  mail,  though  this  senae  is  less  acutely  develo])ed,  it  applies 
itself  to  a  greater  variety  of  ohjccts,  and  doubtless  enables  Iiim  to  apjire- 
ciate  differences  among  odors  in  a  more  correct  manner  than  in  the  case 
of  the  lower  animals. 

The  general  principle  Involved  in  the  constmction  of  the  organ  of  smell 
„  ^  .  ,  is  to  expose  an  extensive  and  constantly  moistened  surtace 
Hie  oiffcctory  to  the  air  brought  in  by  the  respiratory  current.  Of  course, 
oTgoM.  other  things  being  equal,  tlic  larger  the  surface,  tlie  more  per- 

fect the  sense.  The  object  of  gaining  a  great  extent  of  superficial  ex- 
posure undcL-  a  relatively  small  volume  is  accomplished  by  i'prpa.ding 
the  sensitive  mucous  membrane  on  projections  or  shelves,  which  also 
serre  the  purpoe^J  of  intercepting  the  incoming  current  of  air.  It  ia  In 
reptiles  and  birds  that  turbinated  proceasea  first  ninke  ihclr  appearance. 
In  air-breathing  animals,  the  organ  of  smell  is  essentially  an  appendix 
to  the  respiratory  mechanism,  its  action  depending  entirely  upon  the 
play  thereof.  But,  though  the  material  submitted  to  the  olfactory  mem- 
brane in  this  manner  is  presented  in  the  vaporous  or  gaseous  state,  it  is 
intermediately  dissolved,  as  has  been  stated,  in  the  liquid  mucus  which 
covers  that  membrane,  before  it  can  affect  the  ramifications  of  the  olfac- 
tory nerve. 

The  nose,  thus  constituting  the  commencement  of  the  respiratorj* 
tract,  forma  a  characteristic  feature  of  the  countenance.  It  is  composed 
in  part  of  bonea  and  in  part  of  cartilages,  covered  over  with  muscles  and 
integument,  Its  five  cartiiagea  give  to  it  shajre  in  its  inferior  portion, 
and,  by  their  elasticity,  enable  it  to  resist  external  injury.  The  whole 
surface  of  the  nasal  cavities  is  covered  over  with  mucous  membrane,  to 
which  the  names  of  pituitary  or  Schneiderian  niembrnnc  have  Ijceti  given. 
This  mucous  membrane  likewise  extends  into  the  maxillary  antrum, 
etiinoid,  and  sphenoid  cells,  or  sinusc:?  which  are  adjacent,  and  open  into 
the  same  nasal  cavity.  The  ScUneiderian  membrane  is  liigldy  vascular, 
and  receives  its  nervous  supply  from  the  nasal  branches  of  the  fifth 
pair,  which  give  it  common  sensibility,  but  its  olt'actory  function  de- 
7^113, 200.  pends  on  the  distribution  which  a 

certain  portion  of  it  receives  from 
the  lirst,  or  olfactory  nerve. 

J^iff,  205  illustrates  the  diatribo- 
■(    ^j^^JJSSC^'   *'°"  of  the  olfactory  nerve  on  the 
septum  of  the  nose-      J^ty.  206  is 
its  distribution  on  the  outer  wall  of 
the  nasal  fossa. 

That  the  fiinction  of  the  first  pair  of  nerves  is  olfactory  i&  proved  1^ 
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many  Jacls.     Animals  m  which  these  nerves  have  been  di-  p     .-      ^  ^ 
vided  are  no  longer  affected  by  odora  of  any  kind,  and,  gen-  itew  juif  of 
erally  speaking,  the  greater  the  development  of  these  nerves,  """*■ 
the  acuter  is  the  sense  of  amell.     In  persons  in  whom  this  sense  has 
been  defective  or  totally  absent,  or  in  those  who  have  been  troubled  with 
unpleasant  odors  of  a  subjective  kind,  poat-mortem  examinations  have 
shown  a  corresponding  absence  or  lesion  of  these  nerves. 

In  man,  the  proper  olfactory  organ  is  formed  by  the  distribution  of  the 
olfactory,  or  first  pair  of  nerves,  on  the  mucous  membrane  which  covers 
the  upper  part  of  the  nose,  the  internal  set  of  filaments  being  disposed 
on  that  of  the  septum,  the  external  on  that  of  the  superior  and  niiddk" 
spongy  bones.  The  membrane  is  vcrj-  vascular,  and  covered  with  a  thick, 
pulpy  epithelium.  The  filaments  distributed  to  it  have  lost  the  white 
aubstanee  of  Schwann.  It  Is  those  parts  alone  to  which  these  filaments 
are  distributed  which  possess  the  sense  of  smell,  the  adjacent  cavities, 
as,  for  example,  the  frontal  sinuses,  not  participating  in  the  function,,  as 
has  been  proved  by  the  injecting  of  the  vapor  of  camphor  or  other  odo- 
riferous bodies  into  them.  It  seems  to  be  necessarj'  for  the  vaporous  or 
gaseous  substances  to  be  dissolved  in  the  moistvirc  which  covers  the  ol- 
factory membrane  in  order  to  their  exerting  a  proper  effect.  If,  by 
chance,  the  membrane  is  too  dry,  the  sense  of  smell  ia  temporarily  lost, 
and  the  same  likeivi^e  occurs  if  it  he  unusually  moist. 

FroTn  the  mode  of  distribution  of  tiio  olfactory  nerve,  it  follows  thai 
the  sense  of  smelling  la  restricted  to  the  cpper  portion  of  ..  i,.j^„ 
the  nasal  cavity ;  and,  for  this  reason,  when  we  desire  to  de-  for  ihe  Mmeot 
tect  odors  with  anusua!  precision,  the  air  in  drawn  violently  """^  ■ 
into  that  region  by  sniffing.  On  the  contrary,  we  avoid  the  perception 
of  odors  by  breathing  through  the  mouth,  or,  as  the  common  po^^KJa-^  f-, 
phrase  is,  by  holding  the  nose.  Since  tlie  pertectiion  of  the  its  perfact  nc- 
sense  requires  that  the  olfactorj'  surface  shall  neither  be  too  "°''" 
dry  nor  too  cold,  an  advantage  ia  gained  by  placing  it  high  in  the  cav- 
ity, where  it  ia  free  from  the  disturbing  effects  of  the  drj'  air  introduced 
by  inspiration,  which  becomes  moistened  and  warm  bcibre  it  reaches  the 
place  of  action. 

Just  as  we  make  a  distinction  between  a  musical  sound  and  a  noise, 
so  should  we  diatinguiBh  between  an  odor  and  such  impres-  t)ij,irtc[j^,„i^. 
sions  as  arise  from  tickling,  pressures,  t!ie  use  of  snuff,  mna-  twcen  oJan 
tard,  pepper,  and  pungent  bodies,  for  these  act  as  mere  irri-  ""  "■'■'""^'^' 
tante,  and  many  of  them  can  produce  analogous  effects  on  other  portions 
of  the  surface  of  tho  skin.  Odors  do  not  give  rise  to  the  impressions  of 
pain,  and,  indeed,  the  nervous  mechanism  having  charge  of  (he  action  is 
totally  ditferent  in  the  two  eases.  Odors  operate,  as  we  have  said,  upon 
the  olfactory  nerve,  but  these  other  impressions  are  made  upon  the  nasal 


426 


DURATION   AND   LOCALIZATION   OF    ODOfifi. 


efuppltcB  from  tlie  fifili  paiv.     The  upper  part  of  the  nasal  cavity  is  thens 


proper 


lell,  the  lower 


general 


devoted 
senaalion. 

In  one  respect  there  is  a  Btriking  dift'ercnce  between  this  sense  uid 
DurstioQ  of  vision  and  hearing.  We  can  perceive  many  laoiinoua  im- 
odQM.  pressiona  at  the  same  time,  or  hear  many  soiuida  in  rapid  suc- 

cession :  but  not  30  with  odors.  We  can  amell  only  otio  thing  at  a  tknic, 
or,  at  all  events^  the  impression  remains  long  upon  the  olfactory  appara- 
tus, perhaps  because  the  odorLt'erous  substance  remains  dissolved  in  the 
attached  nioiHtm-e.  The  idcntiEicatioii  of  substances  by  their  odor  nee- 
eaBarily  implies  a  resort  to  recollection  or  memory,  and  sometimes  we 
hare  to  apply  the  fragriint  object  again  and  again  to  the  noae,  before  we 
can  recall  with  satiatactory  precision  its  name. 

In  the  lower  animals  the  sense  of  smell  is  probably  localized  in  some 
Com  antivi!  P*^'^  of  the  skin  ;  many  of  them  display  instincts  which  seem 
uHtvmyof  to  imply  the  possession  of  such  a  sense.  Insects  also,  by 
""  eraeU,  arc  often  led  to  their  food  or  to  one  another. 

The  variable  current  of  atr  introduced  by  respiralion  compensates  in 
acme  degree  for  the  want  of  mobility  of  the  noae,  which  may  be  regard- 
ed, in  air-breathing  vertebrated  animals,  as  consisting  of  a  diverticulutn 
from  the  res])iratory  passages.  In  fiahes,  however^  the  olfactory  cavity  ij& 
not  connected  with  the  respiratory  passages :  there  are  no  posterior  Dares. 
The  circumstance  of  their  living  under  water  disables  them  from  appreci- 
ating the  odorous  peculiarities  of  gaaes  and  vapors.  Li  the  wiiale  the  or- 
gan is  allogether  absent,  being  replaced  by  the  mechanism  for  receiving 
air  and  blowing  out  water.  In  other  tribes  the  acutencss  of  tlie  sense 
ia  in  proportion  to  tlie  development  of  the  olfactory  ganglia :  in  reptiles 
it  is  feeble  ;  in  birds,  more  developed ;  in  carnivorous  animals,  still  more. 
But  here  again  it  exhibits  a  special  restriction,  since  there  is  reason  for 
supposing  that  carnivorous  animsU  are  insensible  to  the  perfume  of  flow- 
ers, while  herbivorous  ones  Jistbiguish  Ihem  perfectly.  In  man,  as  we 
have  said,  the  sense  is  less  developed,  but  it  has  a  wider  range. 

The  localization  of  odora  is  effected  in  a  much  less  perfect  manner  than 
LocallMiiira  the  localization  of  sounds.  The  principla  by  which  it  is  ac- 
crfotiora.  compliahed  ia  obviously  that  of  determining  the  direction  of 
maximum  intensity,  and  this  involves  necessarily  the  constant  e^«rci6( 
ol  memory  and  comparison.  The  surprising  manner  in  whicb  this  can 
be  accomplished  by  animals  whose  sense  of  smell  is  acute,  as,  for  exam- 
ple, by  the  dog,  is  extremely  interesting.  From  the  diiferent  maniter  in 
which  various  odors  affect  different  individuals,  there  is  no  general  stand' 
ard  q{  comparison  to  which  they  may  be  referred,  as  there  is  in  the  fxse 
of  colors  and  of  sound.  Scents  which  may  be  highly  disagreeable  to  one 
are  acceptable  to  another  person.     By  conatant  exposure,  the  faculty  may 
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become  so  Lemimbed  aa  to  be  unable  to  iTistingaiah  some  altogether. 
Thu3  Turner  Jbund  *'  that  tiic  flower  of  the  iriB  peraica  was  ^   . 

,  .  ■■  Various  elTenlt 

pronounced  of  pleasant  odor  by  tortir-one  out  oJ'  fifty-four  vf  ttautoM  im- 
persons,  by  four  to  have  little  scent,  and  by  one  to  be  ill-  1'"^^*'"°'- 
sceiited.  Of  thirty  pereons,  twenty-tbrec  held  the  anenionc  ncmorosa 
agreeable  in  its  pertumc,  and  seven  did  not  think  that  it  EnieUed  at  aU." 
Diseases  of  the  cenlrdl  organs  will  sometimes  give  I'iac  to  tiic  percep- 
tion of  subjective  odors*  just  as  they  do  to  spectral  illusions  or  sut.jccd^ 
sounds  in  the  ears.  odwis. 


CHAPTER  XXIV, 


OF  TASTE. 

GmdilioKaJbr  Tattr.-~Sir*ctitre  and  f\aicfioKa  ofllur  Totujut. —  Tartik  and  Gtuiatiat  Heffimi 
1^ lilt  Toittpit.--—Camjik™mtar>[  Tiutrs. — SafiJfCttrt  Tiatea, 

Thoucih  the  function  is  participated  in  by  other  portions  of  the  oral 
cavity,  the  tongue  is  to  be  regarded  as  the  organ  of  taate.  Coniimotu  for 
The  phyaical  conditions  under  which  savors  are  perceived  ia  ^*=''"*' 
that  the  substance  shall  be  presented  in  solution  in  water,  or,  at  all 
events,  in  the  saliva.  From  vision,  hearing,  and  smell,  the  sfngc  of  taste 
difl'ers  in  the  circumstance  that  it  requires  the  contact  of  the  acting  body; 
and,  to  a  certain  extent,  the  same  distinction  whicli  has  been  made  re- 
garding such  HuLstoncea  as  can  act  ou  the  olfactory  mechanism  might 
also  be  made  here;  that  is  to  say,  that  there  are  two  classes  of  agents 
which  allect  the  organ — thofjc  wliich  produce  a  mere  pungent  sensation, 
and  those  whSch  excite  savors,  properly  speaking,  for  the  tPHtatioiw  ind 
former  will  fretjuently  give  rtse  to  specific  action  when  ap-  "■'"""■ 
plied  to  other  portions  of  tlie  surface  of  the  skin* 

Setisations  of  tagte  are  very  Irequently  conjoined  with  olfactory  per- 
ceptions, so  that  we  mistake  the  one  for  the  other.  There  Conn^^aioa  of 
are  many  substances,  reputed  to  have  a  powerful  flavor,  ™"tio^„n'][" 
which  become  tasteless  when  the  noae  is  held ;  and  this  re-  uuiim. 
mark  applies  more  particularly  to  such  as  are  at  the  same  time  volatile 
and  soluble  in  water,  Howevert  irrespectively  of  this,  some  of  those 
bodies  which  produce  the  moat  intense  and  permanent  impression  on  the 
organs  of  taste  do  so  merely  in  virtue  of  their  solubility,  as,  for  eicam- 
ple,  quimne,  which  is  a  non-volatile  body.  The  intensity  of  such  action 
dcpnds  on  the  duration  of  contact  and  the  degree  of  exposure  of  the 
subBtance  to  the  tongue,  so  that  the  papiUfc  may,  as  it  were,  become 
thoroughly  permeated. 
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The  idea  of  taste  may  anse  irriesperti»'<Jy  of  the  presence  of  iany  actual 
TuMid  d  si^s't^s.nce,  A  sharp  b!ow  will  produce  it,  as  also  the  passage 
«it  on  tea-  of  a  feeble  voltaic  current.  It  was,  indeejd,  in  this  way  that 
A  eat*,  agent*.  ^^  ^^.^^  observation  in  galvanic  electricity  was  made.  A 
miiTOH-  jet  of  air  directed  upon  the  tongue  causes  a  taste  resembling  that 
of  saltpetre.  If  the  tongue  1«  dry  and  parched,  ita  power  of  discrimi- 
inating  tastca  ia  greatly  enfeebled,  and  the  same  thing  takes  place  if  its 
temperature  is  very  much  chahged»  either  by  elevation  or  depression, 
as  by  keeping  it  for  a  short  time  in  contact  with  hot  or  very  cold  water. 

The  action  of  the  tongue,  as  the  organ  of  taste,  depends  upon  the  pa- 

^      ,   pillie  whicli  are  on  its  surtace.     These  structures  give  lo  the 

StRicture  of    1^  mt 

ihspapillnof  Upper  portion  of  the  tongue  its  rough  appearance.      They  arc 

""*"  ofthree  kinds:   1st*  The  conical  pap illECf  which  are  the  most 

numerous ;  2d.  The  circnmvallate  papilla*,  which  are  situate  near  the 
base  of  the  organ,  and  which  are  from  ^  ^o  -^  of  an  inch  in  diameter, 
with  a  crater-Ukc  depression,  round  the  edge  of  which  ia  a  groove,  and 
again  a  circular  elevation ;  3d.  The  fungiform  papilla^  which  are  chiefly 
on  the  isides  and  lip,  their  shape  being  conical,  the  narrow  end  of  the  cone 
being  downward.  The  epithelium  of  the  tongue  is  less  dense  over  the 
fiingiforpi  papillsp,  and  hence  their  projecting  appearance :  it  is  more  dense 
over  the  conical  papillai,  and  projects  from  tlicm  in  processes  which  pre- 
sent an  aspect  like  that  of  hairs.  Some  of  them  contain  hiiir-lubes. 
Bealdes  these,  tJie  surtace  of  the  tongue  presents  a  papillary  structure 
rcBernbling  that  of  the  skin — secondary  papiihe,  as  they  are  termed.  It 
is  supposed  that  the  conical  papillte  are  chiefly  organs  of  prehension ;  the 
others  arc  organs  of  taste,  but  that  function  is  participated  in  by  other 
portions  of  the  surlace  of  the  mouth,  as,  for  example,  the  soft  palate,  ita 
archesi,  and  the  tonsils. 

J^iff.  207  represents  the  surface  of  the  tojigne  and  the  adjacent  parts: 
Oy  a,  lingual  papdhe;  b,  J,  circuinvallate  papil- 
la, disposed  along  t^vo  converging  lines  form- 
ing the  lingual  V  ;  c,  foramen  ca-cum  :  d,  d, 
fungiform  papiUte ;  e,  e^  filiform  papilla? ;  f. 
fripnum  epiglottidis ;  g,  epiglottis ;  A,  anterior 
pillar  of  velum :  *',  stylo-glossiia ;  /,  isthmos 
of  the  fauces:  wi,  uvula;  »»  velum  pcndultmi 
palati ;  o,  hxird  palate ;  p,  raphe ;  y,  ^,  oriHce." 
of  the  escretOTy  ducts  of  the  palatine  glands; 
r,  palatine  glands,  the  mucous  membrane  be^ 
mg  removed;  e,  palatine  glandnlea;  t^  mu- 
cous membrane  covering  the  same  glands ;  u. 
palatine  tubercle ;    i»,  v,  section  of  the   lower 
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The  organ  of  taste  is  placed  at  ilic  coromencemcnt  of  tlio  digestive  ca- 
nal; hence  llie  characters  of  aubstancca  may  be  examined  iTicaofthn 
with,  deliberation  wliile  thoy  arc  yet  under  the  control  of  the  wHcortasie. 
will,  tor  when  once  a  body  has  entered  the  ceaophagua  it  is  swallowed  in- 
volaiitarily.  The  tongue,  therefore,  givea  warning  of  the  presence  of  del- 
eterious substances,  and  in  no  Bmall  degree  excites  the  appetite  by  receiv- 
ing the  impression  of  pleasant  flavors.  The  essential  condition  under 
which  it  &ct3  is  a  moist  state  of  its  surface,  for  the  dry  tongue,  though  it 
enjoys  common  sensibility,  after  the  manner  of  any  portion  of  the  exter- 
nal tegument,  does  not  enjoy  taste.  One  of  the  duties  of  the  salivary 
glands  is  incidentally  to  maintain  this  moistened  condition.  To  a  cer- 
tain degree,  taste  may  be  re^rded  as  a  retinement  on  touch.  It  difiera 
iVoni  vision  and  bearing  in  the  peculiarity  that  there  is  no  ain-  ^crvt^  at  ihe 
gle  nerve  of  special  sense  individually  devoted  to  it^  for  the  ■i<"'g"«- 
li'Ont  of  the  tongue  is  supplied  by  the  lingual  branch  of  the  fifth  pair, 
and  the  hack  hy  the  glosso-phaiyngeal.  Its  entire  nervous  supply  is 
derived  from  four  ditferent  sources :  the  lingual,  the  hypogloaaal,  the 
glosso -pharyngeal,  and  the  sympathetic,  representing  therefore  epeeiaJ 
sensiblhty,  niuacuJar  motion,  common  aenaibihty,  and  sympathetic  rela- 
tion. That  the  hypoglossal  is  the  nerve  of  motion,  or  muscular  nerve,  is 
proved  beyond  douht  by  its  section,  after  which  the  motions  of  the  tongue 
are  destroyed,  but  taste  and  touch  remain.  The  individual  duty  dia- 
cliarged  hy  the  glosso-pharyngeal,  and  the  lingual  branch  of  the  lifth  pair 
respectively,  is  not  so  clearly  determinedr  Section  of  the  former  is  at- 
tended with  loaa  of  tastCf  though  it  is  not  yet  proved  that  there  is  a  loss 
of  all  kinds  of  taste.  If  the  lingual  branch  of  the  fifth  be  divided,  com- 
mon Bensallon  at  the  tip  of  the  tongue  is  destroyed,  and  there  is  evidence 
that  with  this  the  appreciation  of  certain  tastes  disappears.  The  glosso- 
pharyngeal is  distributed  "to  the  circunivullate  papilla?,  and  it  ia  said  that 
in  some  birds  the  hngual  is  suppressed.  Upon  the  whole,  therefore,  it 
may  be  concluded  that  these  nerves  are  conjointly  engaged  in  the  sense 
of  taste,  the  glosso-pharyngeal  being  engaged  with  those  flavors  which 
affect  the  back  part  of  the  tongue,  the  lingual  with  those  which  affect 
the  tip, 

IBuatrations  of  the  distribution  of  the  hypoglossal  nerve  have  aLrcadj 
been  given  in  its  description,  under  the  title  of  the  twelfth  pair. 

The  surface  of  the  tongue  presents  the  tactile  and  gustative  powers  in 
nn  inverse  manner.  Esninlned  by  tlie  method  described  in  Tactile  and 
the  chapter  on  touch,  the  compassea  must  be  opcnctl  to  a  great  ^"^nf^^thl" 
extent,  as  we  pass  from  the  tip  toward  the  back  of  the  tongue,  mnguc 
in  order  that  a  double  impression  may  be  perceived.  This  condition  ap- 
pears to  be  in  accordance  with  the  requirements  of  the  organ,  common 
tactile  sensibility  being  roost  necessary  at  its  outer  extremity,  and  this 
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gpadnalty  pawrng  oC  into  tlie  Klifwnt  of  taate.  Hie  acdcm  of  anj 
l^ven  intbvtMKe  may  be  uureajed  hy  motion  mid  pressure.  *^  wbea  H  b 
rolled  over  tW  loague,  <it  WU  tht*^^.  Ita  ««&«£  of  duorimmKtipii  naj* 
be  readered  mdn  acide  I7  ednfisMML 

Aj  wiib  ibe  or^n»  of  the  otbcr  aenees,  so  with  thia,  an  impiressaoti 
D^Hfia  ^  made  iipoD  il  doea  doC  inataiitaiieoiialj  eeaae,  bul  mnaiiK  far 
■■^^  s  eertain  period  of  time,  indeed,  in  this  inatuice  loiter  tiiaai 

in  thot&  llenoe  manjr  anbetanoes  acting  in  rapid  BBwaeaMon  give  rise 
to  a  tanfamd  eOttt,  tbongh  it  ia  said  that,  oat  o£  such  intcnnin^Ungs,  an 
•ccomplinbed  rrpiaue  can  fasren  hU  attention  on  one,  and  continue  to 
KKOgiujtiA  it  jiut  aft  we  tvcogncze  and  follow  the  souod  of  ooe  innliiiiiif  ii) 
in  an  Ofcbevtra.  No  exj'Uiiation  has  as  yet  been  given  of  tbe  dudoct 
of  action  of  different  tsAtes,  though  it  is  BK^erted  that  H>me  act  apon.  onCt 
and  some  upon  another  »et  of  the  papillae.  AfWr^tadtesareaUoobeerved, 
CMMlameat'  whtch  arc  occasionally  of  a  complcRientary  kind^  as,  for  in- 
•ijriwtca.  utance,  the  intensely  bitter  taste  of  tannin  is  followed  Ijt  a 
nreetnCAa.  These  after  effeclB  modify  the  taste  of  subgtances  which  raai- 
be  taken  whfle  they  laaf.  They  iheretbrc  fbnn  an  ample  sntject  ftw  tht 
profound  eontcmplalion  of  the  epicure,  and  should  OCcttpy  the  serious  at- 
tention of  thr  cook,  Thpy  may  be  illustrated  in  a  general  tnsnner  bj  the 
tnjarioui*  effect  of  awect  substances  apon  the  £avor  of  de]i(»te  vines. 

It  has  been  mentioned  that  the  pfip&agc  of  a  voltaic  current  through 
WwiHci-l  uid  *^'^  tongue  causes  an  alkaline  or  acid  taste.  Some  experi- 
■uijfiivo        mcntem  deny  the  correctness  of  this  statement,  and  iost^ 

**^  that  the  imprcpfiion  is  merely  nictallic     The  effctt,  howerer, 

dependi  upon  thp  intensity  of  the  current  employed,  or  on  tlie  nature  of 
the  [ncces  of  melul  iie^^.  If  the  current  has  power  enough  to  decom- 
|Kwe  thii  BiillK  nf  the  saliva,  acid  or  alkaline  tastes  will  be  detected,  ac~ 
cording  as  the  direction  of  the  current  ia  made  to  vary,  and  the  acid  or 
alkitliiir  hody  ia  disengaged  on  the  upper  or  under  side  of  the  tongqe, 
Hufijcctivc  taalcB  arise  in  diseases  of  the  nervous  centres,  but  these  are 
often  rendoreil  obscure  by  the  exudations  and  furred  condition  of  tlie 
(ongnc.  Bogs,  into  tlie  blood-vesaels  of  which  milk  has  been  injected, 
have  been  observed  to  liek  their  lips ;  and  from  this  it  has  been  inferred 
chftt  the  presence  of  BubetanceB  artificially  introduced  into  the  circulato- 
ry ctment  may  be  delected  by  the  organ  uf  taste. 
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CHAPTER  X5V. 

OF  AKIMAL  MOTION. 

CiiiaT^  and  lifusnilar  iffilinn. — Dfurriptinn  af  Cilia  and  ike  Manner  of  Artioa. 

JfojrcaAir  i-'ibrt :  Ua  i-'ormB,  Son-slriiitfti  'iiul  Stfinted. — M-uSCk  ./aict, — 3f miner  of  Cnntrndion 

of' II  SfoKrler  Ha  lapjity  uf  BImiil-i-txsch  and  Nrri?f}£. — /(«  CflfUia^l  l^tafft  liitfiug  Actiiilg.— 

Jtn  nine  of  Tempenniirt. — J-^^frt  of  Elvtrival  Ctirrfntt. — Duration  of  Contrai-.tiliri/. 
Dof^lfiuif  ihtU  Mu^clf  Ctnttracliofi  in  the  re™''  cj' Masvh  Dhinlegratimi. — JH/trmer  in  iiVri'cA  srrti~ 

narif  Coheeiiin  iti  hrovykt  hito  J'lui/. — Muuikt  of  Ettlwuiiart. — JSemufai  vf  tie  Heat  and  Oxi- 

diMd  Boding, 
ffigBjr  Mortis, — Connection  ofMutrUfor  Locamo^cm. —  Of  Stantfing, —  Walking.^^Ran'miy. 

It  vcas  foniicrly  licld  that  aniniala  are  distinguialietl  troni  plants  by 
tKe  nosseasion  of  tlie  iiowcr  of  locomotion,  a  doctrine  which 

■■  ,  ,  ,,  _  ,  Animal  moDDD- 

can  now  no  longer  be  regarded  as  true.  It  was  also  be- 
lieved t}iat  the  muscular  tnovetllents  of  aniuiRls  itrc  due  tf>  the  influeiliCe 
of  the  nerves,  and  tliat  a  muscular  fibre  contracia  only  when  stimulated 
to  do  EO  by  a  nerve.  This  makes  the  possession  of  a  nervous  eystein 
essential  to  the  motions  of  aiiimiils.  Thpsc  doctrines  also  arc  errrmeous. 
Animal  motion  is  ot' two  dift'ercnt  kinds:  1st.  It  is  accomplished  by 
vibrating  cilia;  2d.  By  the  contraction  of  cells  arranged  in  the  form  of  a 
fibre. 
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OF  ciLU&T  Honon, 

Tlie  epithelial  cells  of  the  cylindrical  and  of  the  teaselatcd  kind  aK 
occasionally  arranged  witii  delicate  projecting  stria?  on  tlierr  nesorintion  of 
free  extremities.  The  length  of  these  varies  from  the  ^-J-j  ''I'l'  H^fi  '*«'' 
to  the  y^-^-jj-Q  of  an  inch.  These  striae  are  termtd  cilia,  and 
the  cells  are  said  to  be  ciliated.  Examples  are  presented  by  llic  mucous 
membrane  of  the  respiratory  surface  and  of  the  nasal 
CAvities;  an  illustration  is  given  in  Z^*^.  208.  The 
cilia  may  be  regarded  as  prolongations  of  the  cell  wall 
itself.  They  exhibit  a  vibrating  motion  back  and 
forth,  which  recalls  the  movements  of  atalltB  of  grain 
in  a  field  as  the  wind  is  passing  over  it,  the  ears  bend- 
ing down  and  rising  again  in  the  breeze,  and  throwing 
the  whole  snrfaee  into  waves.  Tlie  cilia  also  exhibit  a  movement  like 
that  known  as  the  feathering  of  an  oar,  or  sometimes  as  turning  round 
Upon  the  point  of  attachment,  as  upOn  a  centre,  giving  rise  to  a  sorl  of 
conical  motion,  the  free  end  describing  a  circle.     These  motions  aeem  to 
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be  petiectlj  imroliuittiyt  ftr  dicj  not  eafy  take  plaee  lo^  ifter  deaths 
bal  even  in  deta^htd  portkAi,  the  clltar3r  cell  bemg  niDJiired  tttd  ezttov- 
The  flcaU  of  ctiitfx  acbon  xic  itlw«.f«  laoigipirf  iwfiatt.  Tbe  coixfi- 
tioo  tot  tht  oootiiiitaDoe  oi  the  iDobra  after  d^db  ii  acoonfii^y  that  the 
MO&ce  shdl  be  kept  moist,  bid  it  a  also  cecessaij  that  a  certain  teni- 
penAiTe  ehoald  be  obwrved,  wluch  in  wann-falooded  aninwla  miat  not 
&U  below  42°  F.  Even  afier  the  nudon  has  conpletely  oenaed,  m.  eolm- 
lion  of  carbonate  of  potash  re-exdtes  it,  bot  this  does  not  take  place  with 
onuiKvnia,  becaose  it  tnjozes  the  ciliated  ctUs. 

CUi«i7  motkw  ii  independent  of  tienotis  agencv.  The  ccotrol  of  ton- 
{•eraturc  and  of  dicDucal  r^geata  over  it  show^  that  it  is  of  a  pbjacal 
uature. 

In  the  lower  orders  «f  life  dliarj  moreniettt  is  relied  on.  both  for  tbe 
Dm  rf  aOary  ptupoaes  of  looomotian  and  piehension. 
«"**<*  J^iff.  209  illustrates  this  in  the  case  of 

a  rorticella,  the  upper  edge  of  vhidi  shows  soch  a 
mechanism.  It  is  often  stated  that  in  the  higher  an- 
imals tbe  objact  is  to  detcnninC  a  mOvcmfnt  of  the 
lii^uid  which  moistens  tbe  ciliated  cells  in  the  diivc- 
tion  of  tbe  outlet  of  the  tube,  or  other  Eur&nr  which 
tbcj  line.  In  this  way  the  action  of  the  cilia  may 
tend  to  the  expulsion  of  mateiixd  &om  the  air~ceUa 
of  the  lungs  into  the  bronchial  tubes.  In  reptiles^ 
whose  urinary  tubelets  are  furnished  with  this  mech- 
anism, the  cecrction  tmj  be  urged  thortby  in  the  proper  dire^lioii. 

The  contractile  tissue  which  enables  such  animals  as  the  hjdra  (/Ty. 
BmbJTwnlc  ^^*^)  **^  execute  movements  of  prehension  and  locomotion 
■antnaile  tli-  may  ]>erhaps  be  regarded  aa  the  rudimentary'  state  of  the 
"*■  stmclurcs  next  to  be  described.     The  annexed  sketcii.  from 

Pts.ti&  Trembley,  illnstrates   the 

manner  of  progression  of 
this  animal.  No  t»ce  of 
a  proper  muscular  fibre, 
and  none  of  a  nexvoos 
UTte»  <niUB«  sysletn,  have  liitherto  bwn 

'ictecled  in  it, 

0/  Mutcular  Motion. 

The  muscular  systein  consists  of  muscular  fibres,  tendoTis,  bones,  to- 
gether with  various  acctssory  parts*  such  as  ligaments,  sheaths,  bar^te 
mucosa;,  synovial  capsules,  iiaacia.  Its  action  depends  on  the  primaiy 
fact  that,  under  appropriate  influences,  rouscular  fibre  shortens. 

Each  voluntary  muscle  consists  of  a  collection  of  fasciculi,  which  ex- 
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Libit  the  characteristic  appearance 
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photograph  of  muscular  Btnicturc  of  the  frog  {Fig.  211).   Voluntar>-mu*. 
The   pi-imary  fasciculi  arc    collected   into   larger    bundles,   cularfusowiiU. 
secondary  muscular  faaciculi,  held  together  by  connective  tis&ue,  anJ 
theae^  again,  into  still  larger^  the  tertiary. 

The  primitive  fasciculus  is  enveloped  in  n  delicate  sheath,  the  earco- 
lemnia,  aa  &iioivn  in  /'('</.  212,  in  which  the  fasciculus,  though  torn  at^roas. 
ia  held  together  by  the  sarcoleinma.  The  specimen  ia  from  the  Imman 
muscle.  J"  if/.  213  is  a  good  representation  of  the  same  fact.  It  is  given 
by  Todd  and  Bowman  from  the  skate.  The  Barcolemma  ia  a  delicate 
membrane,  which,  though  of  great  tenuity  in  man,  may  he  made  visible 
by  the  action  of  acetic  acid  or  alkalies.  Within  the  sarcoleinnia  tlie 
primitive  fasciculus  ia  seen  to  be  composed  of  many  parjtlh;!  tibrile, 
which  may,  by  maceration  or  chemical  agents,  be  separated  trom  one  an- 
other. These  fibrils  present  a  beaded  aspect,  and,  since  their  constituent 
elements  are  arranged  side  by  side  in  parallel  jilanes,  they  titimatc  mia- 
give  to  the  iaseiculua  the  appearance  of  striation  it  presents.  '^"^^  ^^'^^ 

The  longitudinal  striation  of  the  fas- 
ciculus arises  li-om  the  fibrils  them- 
selves. Here  and  there,  in  the  inte- 
rior of  the  sarcolemina,  nuclei  Occur  ir- 
regularly, and  wilh  them  fat  granules. 
The  tlbrila,  with  the  tat  and  a  liquid, 
fill  the  sarcolemnia,  without  leaving. 
any  central  canal  or  hollow  axis. 

J^iff.  214  is  a  photograph  of  ulti- 
mate muHcular  fibre  of  t!ic  pig,  from 
one  ofJIr.Lcaland'a  preparations.  The 
rectangular  form  of  the  constituent 
fiHaMnewiiKiviMBteC^i^iioifiodeMdiJMiieu™,  ceUa  IS  wcll  scon  at  17,  a,  a.     At  I/. 
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probably  by  reason  of  a  twist,  tension,  or  undue  strain,  a.  spiral  appear- 
since  IS  jjrcaenteU  ;  <*,  c  arc  tlie  prinittive  fasciculi. 

A  fluid  surrounds  ilie  iibrea  ot' Striped  miiBcles,  anJ  the  fibre  cells  ol' 
smooth  ones,  wlucli  is  wlioUy  different  trom  the  plasma  of' 
tJic  Uood.  The  experiments  of  Bchultz  show  that  this  duid 
contains  a  large  amount  of  casein,  a  conclusion  of  considerable  import- 
ance, since,  jf  there  were  any  doubt  of  the  occurrence  of  that  ^'^ubstanct- 
in  the  blood,  this  iact,  at  all  events,  renders  it  certain  that  the  mammary 
gland  is  not  necessary  to  its  formatioii.  That  the  substance  thus  occur- 
ring ig  cfieein  is  proved  by  the  action  of  rennet. 

Muscle  juice  undoubtedly  arises  vlthln  the  sarcolemcna  tliroug'h  which 
it  exudes.  Kacli  fibre  therefore  presents  four  objects  :  the  syniman,  the 
nucleus,  the  sorcolcmnia,  and  tlie  muscle  juice.  That  tlie  niii&cic  juice 
ariaeB  in  part  from  the  functional  activity  of  the  fibre,  and  is  immediate- 
ly derived  from  the  waste  of  its  synloiiin,  and  tliat,  in  its  tui-n,  the  syn- 
tonin  i.q  closely  allied  to  the  i;ubstance  of  the  nucleus,  is  shown  by  their 
exhibltmg  almost  the  same  chemical  reactions  with  alkalies,  acid?,  etc^ 

Tlie  sarcol^fnmia  is  not,  however,  filled  with  syntonin;  it  contains  bc^ 
sides,  as  s,lated  above,  a  certain  quantity  of  fat,  as  may  be  demonstrated 
by  removing  from  the  sarcolemma  its  syntouin  by  acids,  when  a  granu- 
lar malfrial  will  be  left.  That  tJiia  ia  fat  ia  proved  by  its  solubility  in 
aulpliurie  elher. 

The  sarcolemma  docs  not  belong  to  the  protein  class  of  bodies,  but  is 
Sarcolcm-  rather  analogous  to  clastic  tissue.  The  color  of  nmacle  appeals 
"^  to  be  not  so  much  due  to  the  blood  as  to  a  special  pigmeiut, 

which,  perhaps,  adheres  jn  a  tree  slate  to  the  fibrils.  Tlie  muscle  jutce 
contains  relatively  far  more  potash  salts  and  phosphates  than  the  blood. 
as  is  shown  by  the  following  table  from  Liebig. 

For  one  huudreJ  parts  of  8oda  there  occm-, 

In  the  ticn,  40.8  ot  i>otash  in  thn  bliood,  and  381  in  the  muscle  jaiiie. 

"      ox,  5.9  "  "  "  27!*  "  " 

"       horeo,  ^.&  "  "  "■  2S.5  "  " 

"      rpx,  —  "  "  "  214  "  " 

"      pike,  —  "  "  f  «7  '•  " 

It  is  commonly  stated  that  muscular  motion  ia  accomplished  by  fibres 
Tiroformsof  ^^  two  different  kinds:  1st.  The  .simple,  non-striated,  un- 
ratutuiuf  striiK?d,  or  organic  fibre;  2d.  Tlie  striiiicd,  striiied,  or  Tolun- 
Briawd  and  taiy  fibre  just  described.  Though  this  subdivision  may  bf 
striweii.  convenient,  it  can  scarcely  be  regarded  as  accurate,  since  the 
former  variety  pasaea  by  insensible  degrees  during  development  into  the 
latter,  and  cases,  indeed,  ate  not  wanting  in  which  the  same  fascicnlos 
preaenta  in  different  parts  both  conditions  at  once. 

The  non-Htriated  muscular  fibre,  ^(^.  215,  consists  of  translncent  band? 
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of  a  soft  granular  material,  varying  from  the  ^^g  to  3^^  of  an  inch  in 
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brendth.  and  exhiliiling  here  and  Ihere  the  irncea  of  Kon-strii, 
nuclei,  pnilicularly  Jitler  the  fibre  lias  been  acted  on  by  ''"''  ''''"'- 
acetic  acid,  as  13  shown  in  J^ig.  21i6.  Each  fibre  may  be  re- 
garded as  an  arrangement  of  mirleatod  cells,  the  nucleus  "be- 
ing of  a  cylindroid  or  spindle  form.  The  contraclile  content 
within  is  ayntonin.  Non-strialed  fibre  is  not  usually  attach- 
ed to  fi.xpiJ  points.,  aa  to  bone,  but  by  being  collected  into  por^ 
alicl  bundles,  difiercnt  bundles  interlacing  with  one  anollier, 
contractile  planes  or  Buifacea  are  formed,  such  as  the  cylindri- 
chI  coat  of  muscular  structure  of  the  digestive  tube,  or  the 
contractile  layer  of  the  urinary  bladder.  Similar  fibres,  im- 
bedded in  the  skin  and  connective  tissues,  communicate  to 
them  the  qnality  of  corrugation  or  contractility.  The  fiiscic- 
uli  are  bathed  externally  with  an  acid  juice,  characferisied  by  con- 
taining aalts  of  potaslu  phoisphoiic  acidi  creatine,  and  inoaite.  The 
general  appearance  of  fibre  cells  of  tEiis  class  is  given  m I''i*j.'2\7 : 
a  is  fi'oni  the  small  intestine  of  man;  A,  from  the  fibrous  invest- 
ment of  the  fspicen  of  the  dog.     (Kolliker.) 

Contractile  fibre  cells  present  the  following  reactions:  Acetic 
acid  causes  the  fibre  to  swell,  and  makes  the  nticleus  more  ConiMcdle 
visible;  it  occasions  a  complete  dissolution  when  in  a  fiire-celj*. 
concentrated  state.  Dilute  hydrochloric  acts  in  a  similar  manner, 
the  effect  in  this  instance  being  liie  same  with  tlie  fibres  of  both, 
smooth  and  glripcd  muscle-  The  exaniinalions  thus  far  made  have 
shown  no  difference  in  ultimate  composition  between  tlicse  forms. 
The  atriated  muscular  fibre  cousiBts  therefore  of  fasciculi,  with, 
an  elastic  investment  of  sarcolemma,  collected  into  bundles,  striated 
and  invested  with  perimysium.    The  contractile  constituent  ^^'"^ 
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IB  syntonin :  and  though  the  general  rule  is  that  the  [niniltive  bandies 
shall  run  iaolatedly  and  jjaratlel  to  cacli  other,  in  <2ertain  cases  ihey  anas- 
tomose, Fig.  60.  Ill  its  ultimate  construction,  the  form  of  Hhre  may  be 
regarded  aa  consisting  of  a  series  of  cells,  as  shown  in  Ftfj.  214,  the  di- 
anieteT  of  which  ^-ariea  according  to  the  actual  condition  of  the  muscle^ 
whether  it  is  in  the  contracted  or  relaxed  state,  but  which  may  he  taken, 
on  ari  average,  at  ihc  -^yj^^  of  an  incli.  The  cells  are  placed  end  to  end, 
the  boundary  walls  upon  the  end  presenting  the  appearance  of  a  delicate 
transverse  line.  Each  cell  cojisists  of  two  portions,  a  central  spot  and 
a  pellucid  border.  The  pellucid  border  is  considered  by  Dr.  Carjx^'incr, 
whose  news  of  muscular  structure  we  are  here  presenting,  to  be  the  ccU 
wall,  the  central  space  being  the  ca^nty  of  the  cell  tilled  with  some  htshly 
refracting  substance.  Dr.  Carpenter  speaks  of  the  central  spot  as  dork; 
an  inspection  of  the  photograpli,  Fig.  214,  proves  that  it  may  be  light  if 
exactly  in  focus..  Wllen  the  fibril  is  in  a  relaxed  slate  the  longest  axis 
of  each  cell  coincides  with  the  length  of  the  fibril,  but  when  contraction 
uceurs  thiB  axis  sliortens,  and  a  shortenuig  of  the  entire  fibril  ia  the  Tn- 
Bult.  A  number  of  tlicflc  fibrils,  placed  side  by  side,  constitulc  a  faseicu- 
luB ;  indeed,  there  may  be  many  Imndreds  of  them  thus  bound  together. 
When  auch  a  fascicidus  is  forcibly  ruptured  it  presents  different  appear- 
anccB,  according  aa  the  ends  or  sides  of  its  constituent  cells  liavc  cohered 
most  strongly  together,  ll"  the  lateral  cohesion  is  weakest,  the  fascicu- 
lus tcarg  into  ita  constituent  fibrils,  as  was  shown  in  Fig.2\A^  but  it'thr 
cnd  coliesion  ia  the  weakest,  it  will  tear  into  discs  or  plates,  as  in  /7^. 
Hff -sn  218.     The  fascicuJuB  is  tims  a  bundle  of  fibrils,  its 

diameter  varying  very  greatly,  and  being,  in  man, 
firom  the  jj  (,  to  the  ^^  of  an  inch ;  in  females  it 
is,  on  an  average,  smaller.  Each  fibril  is  a  linear 
series  of  coalesced  cells.  The  cells,  as  they  form 
the  fibril,  lose  their  rounded  and  assume  a  rectan- 
gular appearance,  as  shown  at  a,  a.  Fig,  214.  It 
therefore  appears  that  eacii  fibril  must  have  its  own 
investing  sheath,  the  repreacntative  of  the  walls  of  the  little  cells  which 
have  coalesced,  and  this,  though  not  usually  admitted  by  anatoinistSi'ap- 
peara  plainly  in  the  photograph  from  which  tiiat  figure  is  taken.  In 
length,  musicular  fasciculi  vary  from  the  sixth  of  an  itidi  to  two  feet. 
The  larger  animals  furnish  some  that  are  even  much  longer.  The  nor- 
mal form  is  doubtless  cylindrical,  but  this  is  constantly  departed  Ironi. 
each  accommodating  itself  to  the  pressure  of  the  adjacent  ones.  The 
aarcolemma  serves  as  a  partition  between  its  included  fibiils  and  the  cap- 
illary blood-vcasels  and  nerves,  wliich  imbed  themselves  in  the  rounded 
angular  spaces  between  adjacent  bundles.  The  cross  section  of  a  por- 
tion of  muscle  shows  the  manner  in  which  the  Barcolcmma  and  the  fibres 
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are  arranged.     J^ig.  219  is  from  the  human  biceps,  anJ  Fig,  220  I'tom 
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teal.      Since  it  is  in  the     /^■■Ji7^^^15^^5'-?^X-K•»^'J"T 

interspaces  between  the 

rounded    fasciculi    that 

the  blood-vesaela  lie,  the  TrwwTiTw  »cciiuii  ormuKio  or  leai. 

tissue  13  more  vagcuIaT  as  ita  faacictJi  ai-o  ot"  less  diameter- 

It  has  already  been  stated,  in  connection  with  I^hj.  21 1,  that  the  stri- 
ated form  of  muscular  fibre  derived  its  name  from  the  circumstance  that, 
when  examined  by  a  sufficiently  high  power,  it  appears  to  be  crossed  by 
delicate  transverse  lines,  the  longitudinal  separations  between  the  fibrils 
being  also  visible.  This  ia  seen  in  t]jc  specimen  of  insect  muscle  repre- 
sented in  the:  photograph.  Fig.  221,  and  under  a  still  higher  magnifying 
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power  in  that  of  Fiff.  222.      The  dis- 
tance between  tiie  transverse  atria;  va- 
ries witii  the  condition  of  the  muscte^ 
but  on  an  average  it  is  repiGsented  aa    ^■6h-Biiriii.iediiMi^ruil^ii,a*riifl*a«« 
being  about  the  ■g-j'jnj  of  an  inch.    Many  di«uci«™. 

more  stria;  arc  crowded  together  wlicn  contraction  takes  place,  and  they 
retire  from  each  other  as  soon  aa  relaxation  occurs. 

It  is  said  that  the  voluntary  mnecles  contain   in  their  mnscle  jnioe 
more  acid  than  is  enough  to  neutralize  all  the  alkali  of  the 
blood.     The  electro-chemical  relations  of  this  interiioBcicular 
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adld  joice  and  the  alkaline  plasma  of  the  blood  are  doubtless  the  cause 
oitbe  production  of  thoee  electric  currents  which  have  been  demonstrated 
in  the  tnusclcs.  It  docs  not  follow,  therefore,  that  these  currents  occur 
in  the  natural  state :  they  may  be  the  result  of  the  experimental  aixange- 
mfmt  for  their  own  detection,  since  it  has  long  been  known  that  an  acid 
and  3n  alkaline  juice,  separati^  firojn  each  other  by  a  conducting  Qi^anlr 
body.  Trill  form  an  eftective  voltaic  circle. 

Of  the  contractUe  element  of  timsculor  fibre,  syntonin,  it  may  be  rc>- 
marked  that  it  cau  be  dissolved  br  the  aid  of  dilate  liydrochlo- 
ric,acid,  and  tliat  it  differs  from  fibrin  of  blood  not  only  In  thai 
respect,  but  also  both  in  its  ultimate  composition  and  physical  and  chem- 
ical qnalitiea.  In  certain  cases  it  seems  to  degenerate  into  fatty  sab- 
stajice.  In  the  groirlh  of  a.  niuscle,  the  constituent  tibriU  increase  in 
number  and  in  length,  their  diameter  remaining,  however,  nearly  thr 
same  as  in  the  early  periods  of  life.  The  thickening  of  a  muscle  is. 
therefore,  not  eo  mucli  due  1o  ihe  thickening  of  its  constituent  fibrila  as 
to  their  increase  of  number. 

The  contraction  of  a  muscular  fibre  does  not  take  place  thronghont  it? 
„  -         whole  length  at  once;  it  generally  be^ns  at  the  end,  a  change 

tractiaiiora  of  aspect  arising  iTOm  the  approach  of  the  opaque  centres  of 
"*  the  cells  to  one  another,  and  this  occurring  simultaneouslv 

acrosB  the  wliole  fibre.  This  approach  may,  hoB'cver,  ensue  in  dit^'erenl 
parts  of  the  length  at  the  same  time,  the  snreolenima  being  raised  up  in 
bullffi  as  the  contraction  takes  place.     This  effect  is  shown  in  I'Jff.  223. 


in  which  the  thiclcenerl  portion  of  the  contracted  middle  space  of  the  mus- 
„   „^  cle  is  sTinoiindcd  ivitli  the  sarcolcm- 

niic  hullrt-.  The  simie  is  demon- 
strated in  Fifj.  224,  which  repre- 
sents the  border  of  a  muscular  &s- 
--  ^  I  cicuhis  in  a  young  crab,  with  a  ^pol 
\v^^^^-  of  contraction,  and  the  sarcolemmH 
elevated  along  the  edge.  In  these 
cases  the  contraction  is  brought  on 
by  the  action  of  water,  which,  in 
some  meaanre,  may  exaggerate  or  disturb  the  phcnoraenn.  J^iy.  225 
pxhlbita,  under  the  same  circumstances,  a  fasciculus  Ironi  the  eel.  a  being 
(he  uji contracted,  6  the  contracted  part,  on  the  edge  gf  which  the  sarco- 
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lemma  is  again  raised  up.  The  two 
latter  illu&trations  are  trom  Todd  and 
Bowman. 

IHflerent  portions  of  the  length  of 
llie  tibro  assume  this  condirion  at  dif- 
I'erent  momenls,  and  hence  the  whole 
Blructitre  is  thrown  into  &  form  which 
recalls  the  motion  of  a  worm.  The  zigzag  appearance  pointed  out  by 
Prevofit  and  Dumas  arises  from  the  circurastance  that  when  relaxa- 
tion of  the  fibre  occurs  all  its  parts  arc  not  brought  at  once  into  tbr 
Bame  state,  but  while  some  are  contracted  otliers  arc  in  the  oppoairc  con- 
dition. A  miiacle,  during  its  contraction,  appears  to  have  nearly  the 
same  solid  dimcnsionH.  which  it  had  during  its  relasation.  This  has  led 
to  the  deceptive  conclusion  that  whatever  it  has  lost  in  leuglh  it  ha? 
gained  in  thickness.  There  must,  however,  he  a  dinilnntion  conespond- 
ing  to  the  recognized  amount  of  waste,  for  it  is  well  known  that  destnic^ 
tion  of  a  portion  of  its  tis&uc  is  the  essential  condittoii  of  the  activity  of 
a  muscle.  The  various  degrees  of  energy  with  which  the  contraction 
takes  place  at  different  ttmca  is  to  be  explained  not  so  much  hy  the 
more  or  less  energetic  shortening  of  the  cells  as  by  the  varying  tminber 
of  fibres  which  are  simiillaneously  contracting,  or  by  the  diff'erent  fraC' 
tjonal  portion  of  each  which  is  going  into  action  at  once.  As  the  mus- 
cular effect  is  more  energetic,  so  will  the  sense  of  fatigue  br:;  more  speedy, 
for  while  one  fibre  is  acting  another  is  resting,  and  the  same  remark  ap- 
plies to  different  parts  of  even  the  same  fibre.  It  is  to  this  reciproca- 
tion of  motion  that  the  sound  usually  emitted  wJiile  the  muscle  is  in  fic- 
tion, a  low  ringing  sound,  is  to  be  utlributcd. 

Striated  muscle  is  often  attached  to  bone,  or  other  substance  on  which 
it  has  to  exert  its  rneclianical  power,  by  intervening  fibrous  [,{,,,^1^  j,t,„K 
tissue  constituting  tqndon-  These  fibres  are  collected  in  »<i  lo  Loda  bj 
groups,  eo  as  to  present  primary,  secondary,  and  tertiary  fas- 
ciculi., The  tendinous  fibres  are  brought  in  relation  with  the  sarcolem- 
ma,  and  thus  form  a  slieath  connected  with  adjacent  ones  by  olher  de^ 
tached  tibres.  These  may  be  considered  aa  converging  from  nil  parts  of 
the  muscle  to  its  estreniities,  and  thus  ^ving  rise  to  its  tendon.  In 
"f  *5*  some  instances  the  muscular  fibres  attach  them- 

selves to  the  side  of  the  tendon,  which  does  not 
then  undergo  subdivision. 

From  the  peculiar  structure  of  muscular  tis- 
sue, the  capillary  vessels  wliich  are  distributed 
to  it  must  run  in  a  direction  for  the  most  part 
parallel  to  its  tibres,  as  in  I' iff,  22G.      Their 
uiBtHbutioa  of  muHuiar  taipiuuJBt  modc  of  branching^,  transverse  and  longitudinal, 
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ia  sliown  in  J'i^.  227,  a  being  the  arterj,  4  the  Ftg.  m. 

m.inuniim.t  vein,  c,  capUlary  plexus.  Each  ar- 
blcKKl-v«wI»  10  terial  brancli  has  ueually  two  vena; 
"'"''''■  comites,  and  the  supply  of  these       ■  ■  ''-'"' 

capillaries  has  a  general  correspondence  to  the 
number  of  fibrils.  Tlic  lymtihatics  are  not  na- 
merous.  Vascular  distribution  to  the  tendons 
is  much  more  sparing.  By  tlie  nmseular  blood- 
Teesels  a  triple  function  has  to  be  discharged : 
they  tumish  oxidized  Uood,  on  which  the  adioa 
of  the  muscle  depends  ;  they  remove  the  waste 
which  arises  as  the  consequence  of  that  actinty ; 
tiiey  alj^Q  repair  that  waste  by  presenting  the 
elements  of  nutrition.  Tlae  younger  Liebig  has 
demonstrated  (hat  a  rauscle  can  not  contract  ex- 
cept it  be  furnished  with  oxygen,  and  that,  as 
long  as  the  capacity  ibr  contraction  continues,  it 
absorbs  oxygen  and  yields  carbonic  acid. 

In  the  same  general  manner  that  the  blood- 
vessels   arc    distributed,  so    Hkewiise    are    the       Mii«^iLM«iTOriMM»dTeia*, 
nerves.     An  example  of  this  is  seen  in  J^iff.  228.    They  never  penetrate 

the  sarcolenima,  Pie.  an. 

but  run  in  close 

contiguity  with 
it,  their  distribution  to  dif- 
ferent  parts    of  the  fasciculi 

being    "very    unequal,  some 

parts  being  quite  scantily  ftir- 

nished,  tiiG   nerve   filaments 

coming  in  contact,  as  it  were, 

at    occasional    points.       The 

opinion  ia  generally  niaintain- 

ed  among  physiologists  ihul 

the    nerves    present    toward 

their  extremities  a  looped  arrangement,  as  shown  in  J^ig.  228,  but  by 

some  it  is  asserted  that  the  termination  is  in  an  extremely  delicate  point, 

or  bifid,  or  trifid,  without  exiiibiting  any  return.     Of  tlie  two  forms  of 

muscidar  (issue,  the  striated  is,  for  the  most  part,  supplied  trom  the  cere- 

bro-spinal  system,  the  non-striated  from  the  sympathetic. 

The  manner  of  development  of  muscular  fascit-ulus  seems  to  be,  that 
Dwelopniftnt  the  sarcolemma  ia  first  produced  as  a  thin  and  delicate  tube 
ofmiucie.  by  the  coalesccnceof  cells  arranged  linearly,  the  walla  of  which. 
where  they  come  ui  contact  at  the  ends,  arc  obliterated,  giving  origin  to 
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an  elongated  "band.  A  grnnulfir  malcrinl  tlten  occupies  tlm  intei-ior  of 
the  tube.  Viewing  the  sarcolemma  as  the  sam  of  the  coalesced  cell  walls, 
the  fibrils  are  to  be  regarded  aa  a  develojimcnt  from  the  granular  cell  I'on- 
tcnt9.  They  form,  hy  a  sort  of  ciidogenoua  process,  from  without  to 
wilbin.  The  nuclei,  as  hns  already  been  remarked,  are  on  the  inner  sur- 
face of  the  sarcolemma,  am!  not  within  the  cells.  The  structnre  is  not 
p\'idpnt  unlil  nftcT  the  end  of  the  second  month  official  lite,  but  by  the 
fourth  montli  it  has  so  much  advanced  that  the  muscle  assumes  a  pale 
rod  aspect;  the  tendons,  which  have  already  begun  to  be  distinctly  dif- 
ferenliiatcd,  are  gray.  At  birth  the  etructure  has  become  so  far  eom- 
plcted  that  the  fibres  can  be  isolated.  The  condition  which  the  non- 
striated  fibre  presents  is,  therefore,  that  licyond  whic]]  the  striated  fibre 
has  passed,  ami  in  this  respect  the  former  may  bo  rc^xrded  as  an  embry- 
onic stale  of  the  latter.  In  some  insect  muscles  an  iiistruclivc  interme- 
diate condition  is  seen;  fibres  may  be  found  striated  toward  the  middle, 
and  non-Btriatcd  at  the  ends,  aa  though  imperfc-elly  develof>ed.  THg 
thoracic  musclea  of  insects,  which  offer  a  bcautifiJ  example  of  muscular 
structure,  are  not,  however,  to  be  regarded  as  prpaenting  primitive  fibrils, 
but  ratlicr  non-iibrillated  primitive  bundles.  This  I  consider  to  l>c  the 
case  with  the  siKcimena  Irom  which  the  photographs,  J^igs.  221,  222, 
were  taken.  Though  not  po  apparent,  nuclei  exist  in  the  striated  fibre 
even  of  adult  life,  and  discharge  an  active  function.  At  this  period,  the 
increase  of  thickness  of  the  muscles  is  to  be  attributed  to  an  increase  in 
the  number  of  the  contained  fibrils,  which  individually  have  about  the 
same  dimensions  as  before  birth. 
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The  result  of  the  chemical  change  which  rausculnr  fibre  undergoes  dur- 
ing the  periods  of  its  activity  is  eventually  manifested  by  the  Chfinicni 
appeftrance  of  carbonic  acid  and  urea,  and  also  salts  of  sulphuric  [^^''^"({^"[y 
acid,  the  two  latter  escaping  from  the  syBtem  through  the  uri-  oruuuKie. 
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narjr  apparatus ;  tL>e  former,  in  put,  through  tlie  luogs.  That  these  prod- 
nclB  are  to  be  atiiibuteU  to  uu^cuLir  waste  is  inl'eired  from  tJieir  in- 
enase  or  diminution  with  increases  or  ditniimuons  of  mu^ular  exertum. 
In  tbe  voluntary  fibres  tiiere  is  commonlv  a  oecesait}'  lor  repose,  during 
vrhicli  repair  of  the  waste  is  taking  place ;  bat  in  tliose  fupuis  wfaicb 
are  in  ceaseless  action,  as  the  heart  and  diaphragm,  the  repair  or  nutri- 
tion goes  forward  at  an  equal  rate  with  the  waste,  and  no  period  of  lect 
is  reajuired.  It  nece^sarilr  happens,  dtuing  the  destractiou  of  this  ti»- 
sae  by  the  arterial  blood,  lliat  a  rise  of  temperature  moal 
ensae,  and  such  a  rise  has  been  actuallr  observed  to  the 
atnoont  of  a  degree  or  more,  nolnitlistandiiig  the  cmstani 
tendency  to  the  removal  of  the  heat  by  the  constant  current  of  Tenons 
blood  flowing  from  the  muscle.  There  is  no  necessity  to  attribute  tbe 
elevation  of  temperature  to  jriction  among  muscular  fibres,  and,  indeed, 
the  amount  tliat  could  ari^  in  that  way  must  be  very  iusigniBcanY,  and 
nut  W  be  for  a  moment  compared  with  that  due  to  the  oxidation.  £lv6li 
in  muscles  which  hare  been  removed  from  llie  body,  and  made  to  coo- 
tract  by  tlie  aid  of  niagnelo-elcctric  currents,  changes  of  composiLioQ  may 
be  detect^. 

OP  niE  nrNcncm  or  wscui-ia  naas. 

The  tnechantcal  action  of  muscular  tibr^  depends,  as  we  have  9den,  <n 
S»tare  of  't*^  ehortening  of  tbe  long  axis  of  tbe  celU  of  which  tlie  fibres 
ortttTMiiiiij-,  are  composed.  To  this  result  the  designation  of  contiactility 
is  given,  and  tbe  property  by  wluch  the  fibre  is  enabled  to  ciUibit  this 
shortening  is  designated,  agreeably  to  the  nietaphyjsical  syatem  of  the  old 
physiologists,  who  were  content  to  accept  a  word  as  an  explanation  of 
a  factt  by  the  term  initabiiily ;  this,  aa  being  useless,  may  be  discarded ; 
the  former  vg  may  continue  to  employ- 

At  one  time  iit  was  supposed  that  the  contraction  of  a  mnscular  fibre 
ContnLcinit}-  de|tend3  so  completely  tipon  the  agency  of  the  nervous  system 
that  it  might  be  considered  as  the  direct  lijjiction  tK«reo)*;  but 
a  more  critical  examination  of  the  circumstances  of  tbe  short- 
ening of  the  libre  cells  shows  that  it  possesses  many  features  in  comm<m 
with  tbe  same  contraction  of  the  cells  of  plants,  which  have  no  Den'ooB 
ayslcm.  The  influence  passing  along  the  nerve  fibrils  is  only  one  out  of 
many  which  can  cause  muscular  contraction.  There  is  abundant  evi- 
dence in  support  of  the  position  that  contractility  is  the  result  of  the 
structure  of  the  muscular  fibre,  and  that  it  belongs  to  it*  and  is  not  a  ape^ 
cial  function  of  nerves. 

When  muscular  fibres  arc  touched  by  a  pointed  instrument,  they  ex- 
hibit contraction  even  after  they  have  been  detached  from  the  body,  pro- 
vided that  too  long  a  period  of  time  haa  not  elaptted.    If  it  be  of  the  slria- 
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ted  vftricty,  the  bundle  that  has  been  diatnrbed  alone  contracts,  „.„ 

.,  ,  .  ,  f  ,  DifTerence  in 

and  presently  aller  relaxes;  but  there  is  no  lateral  spread  or  iheconirac- 

diffuaioii  of  tlie  ertect  to  adjacent  bundles,  except  in  the  case  "''"*<*'''""^»- 

J  '  r  ten  ftnil  imn- 

oi'  the  iiuart,  iu  wliich  it  would  appear  that  the  contraction  of  sirimtilmiie- 
one  part  is  diftuaed  lateraliy,  ackd  &  single  disturbance  is  fol-  ""*' 
lowed  by  many  alternwting  contractions  anJ  relaxations,  simulating,  as  it 
were,  tiie  normal  function  of  tlic  whole  organ.  But  where  tbe  non-stria' 
ted  form  is  in  like  manner  esaraijied,  the  contraction  takes  place  more 
bIowIj,  Spreads  kterally  to  a  wider  extent,  and  ig.  foUoived  by  a  relaxa- 
lion.  The  cll'cct  of  ati  iiitetmittitig  magnet o-eleclric  current  is  ditferent 
ill  the  two  forms  of  tissue,  the  striated  contracting  and  keeping  g.^,.^^,,  ^^ 
contracted  as  long  aa  the  action  la  kept  up,  but  the  efi'ect  ceasing  eWirk-sl 
when  the  current  slops.  In  the  non-slrialed  tiie  action  is  tardy,  '•"'^""• 
and  rclasationa  may  ensue  even  while  tlic  current  is  passing,  and  con- 
tractions continue  to  occur  after  it  has  stopped.  The  effect  becomes  of 
more  interest  when  aweak,  continuoas  electrical  current  is  passed  through 
the  centrifugal  nerves  supplying  any  inuacie,  for  then  the  whok  nmacle 
contracts,  and  remaina  in  that  state  as  long  as  the  current  flows.  If  the 
current  be  passed  through  the  ganglionic  centre  of  those  nerves  contrac- 
tion a^in  ensues,  and  is  maintained  for  a  time  even  after  the  current  has 
ceased.  If  the  current  be  sent  through  the  centripetal  fibre,  alternate 
contractions  and  relaxations  of  the  muscle  are  the  result.  The  interpret- 
ation of  tfiesc  different  cases  has  already  been  given  (p.  27(j). 

The  capabUity  of  contracting  continues  in  muscle  fibre  for  a  certain 
time  after  death,  a  period  which  is  shorter  as  tlie  rate  of  res-  Eii-Giiinento 
piratiou  is  higEiCr,  and  hence  these  effects  were  first  observed  "i" tiaJ'ftiii. 
by  Galvani  and  others  in  the  case  of  tlie  frog  and  cold-blooded  animals. 
Even  after  it  has  disappeared,  it  may  be  re-established  by  p  ,  . 
continuing  tlie  supply  of  arterial  blood,  as  Dr.  Brown-Sequard  orBrown-Se- 
has  shown:  a  fact  whicli  illustrates  in  a  striking  manner  the  ''""  " 
indeiiendence  of  the  muscular  contraction  of  the  nervous  system.  Of 
course,  as  would  have  been  expected,  whatever  interferes  with  due  arte- 
rialization  intei-fcres  with  muscular  power.  This  h  the  reason  of  the 
inability  for  exertion  whicli  is  experienced  in  the  ihin  air  of  mountain 
tops,  the  relaxation  of  th'C  muactJar  system  in  asphyxia,  the  same  con- 
dition in  the  reapiration  of  the  vapors  of  ether  or  of  chloroform  ;  it  is  also 
to  a  great  extent  the  cause  of  the  wayward  and  staggering  gait  of  the 
drunkard.  The  converse  of  this  likewise  holds  good :  tJie  higher  ihe  rate 
of  respiration,  the  more  energetic  the  muscular  power;  and  therefore,  in 
birds,  wliich  respire  most  perfectly,  muscular  contractility  is  exhibited 
with  the  greatest  energy. 

The  contractility  of  the  muscular  tissues,  as  being  independent  of  the 
activity  of  the  nervous  system,  is  well  illuatrated  Ly  the  remarkable  ob- 
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Esiwrrimeiic*  servalions  of  Dr.  Dowler,  of  New  Orleans,  on  the  automatic 
of  Dr.  Uowicr.  movements  tliat  sometimes  take  place  nfier  death  by  yellow 
fever.  After  respiration  liad  ceased,  eacli  hand  in  Buccession  was  car- 
ried to  the  tliroat,  and  then  to  the  crown  of  the  head,  and  so  back  again 
to  the  breast.  In  another  instance,  on  being  stimulated  by  a  blow,  the 
ami  was  exiendcd  upward,  and  the  liand  could  even  be  made  to  slap  the 
mouth ;  or  when  the  leg  liung  down,  if  llie  flexors  of  the  hamstring  were 
struck,  the  heel  was  drawn  upward.  These  manifestations  continued 
for  between  tliree  and  four  hours,  and  even  occurred  in  amputated  limbs. 

Contraciiliiy  lasts  for  a  diflbrent  period,  not  only  in  diflerent  animals. 
Duntion  cif  ^^*  even  in  different  parts  of  the  Enrae  animal.  ThuB,  in  man. 
cnntHetility.  jt  dccHncs  ill  the  following  order:  in  the  left  ventricle  tirst. 
then  in  the  intestines  and  stomach,  the  urinary  bladder,  rigfit  ventricle. 
ccsophagus,  iris,  in  the  voluntary  inuacles  of  the  trunk,  lower  and  upper 
extremities,  and,  Unally,  in  the  left  and  right  auricle  o(  the  heart. 

Assuming  that  the  diameter  of  each  muscular  libre  is,  on  an  average. 
Dimante  At  ^'"^  t'O I  flU  "*  '*'^  inch,  and  that  each  fasdculus  is  the  -^^  of 
wtiichnniuicic  ^^  tncli,  it  may  lie  hifexred  that  each  fasciculus  contains  about 
enecjJ  fiy  iv  (j^O  fibres.  Now,  since  the  nerves  do  not  penetrate  the  sar- 
"*'''''■  colenitna,  the  influence  which  tlicy  exhibit  must  be  efficacioos 

at  a  distance;  and  if  we  take  the  maximum  mea.suremcnt3  which  hare 
been  matle  of  muscular  fasciculus,  we  may  eafely  conclude  that  that  in- 
fluence extends  at  least  llirough  a  distance  of -y^  P"'^  of  an  inch. 

It  is  not  nccej^sary  for  us,  in  tliis  place,  to  enter  on  a  discussion  of  the 
^  ^  ^     functions  of  nerve  fibres,  whether  ihcy  exert  a  magnetic 

thut  mmcTilar  agency,  or  act  by  rise  of  temperature,  or,  from  an  abrupt  po- 
»X7roni'nm8^  '^'^  ^Gmiination  deprived  of  its  -wliite  subatance  of  Scliwann 
.^uliir  Ji^iiit^-  pc]-niit  the  escape  of  their  current  into  the  muacic  fibril,  and 
gm  lull.  tliencc  into  the  conresponidiTig  denuded  pole  of  a  centripetal 

nerve  beyond,  the  current  l>eing  determined  through  the  muscle  by  rea- 
son of  tJK'  better  conducting  power  of  thnt  structure.  The  immediate 
cause  of  muscular  contraction  is  to  be  aought  for  in  the  muscles  them- 
selves, and  tliifl,  I  tliink,  is  much  more  obvious  than  is  generally  sup- 
posed. So  far  from  there  being  any  thing  mysterious  or  incomprehen- 
sible about  it,  as  some  writers  insist,  we  probably  shall  not  be  vert*  far 
from  the  tnith  if  we  assert  that  tmiscular  contraction  is  the  n^cMary 
j^fiysical  rf^ult  nf  muscttlttr  dhbttegrniioH^  and  without  here  consider- 
ing the  various  ways  by  which  that  muscular  di.'^integratioD  may  be 
brought  about,  such  is  tlie  doctrine  that  I  now  present. 

Reviewing  the  various  conditions  under  which  contraction  occurs,  I  re- 
f.  gard  destructive  metamorphosis  as  the  primary  and  leading 

Ac  afior  eon-  one.  Every  thing  seems  to  indicate  that  the  contraction  of 
iTjic  pti.  ^  0ysW.  can  not  take  place  without  the  loss  of  a  part  of  its 
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substance,  and  tlilg.  ^nsties  even  in  tlie  artilicial  motions  that  are  eatob- 
lishtid  by  electric  currents  in  amputated  muscles,  as  is  satisfactorily  abowii 
by  the  e<x[Kiriineiits  of  llelinlioltZr  Of  these  the  following  Byiiopsis  h 
gLven  by  l>r,  Uay : 

"■  Powerful  muscular  conlraclions  were  induced  by  pasaing  an  electric 
current  llirough  the  amputated  leg  of  a  frag  as  long  as  convulsions  con- 
tinued to  be  maiuiesleil.  The  Hcsii  of  both  legs  wag  then  analyzed. 
The  albumen  was  apparently  scarcely  affected,  the  mean  of  six  experi- 
ments giving  210  \KX  10,000  of  alburaen  in  the  electrized,  and  213  in 
(he  non-electrized  flesh.  \A'ith  regard  to  the  extractive  mailers,  it  ap- 
peared that  in  all  the  experiraeuls,  without  a  single  exception,  the  water 
extract  in  the  electrized  flesh  was  diminished,  while  on  the  other  the 
.■jpirit  and  alcohol  estracta  were  increased.  The  resulls  are  cxpiessed  hi 
the  following  tabl(^a : 

CJinnpr  in  Stair/e  iffrr  KUririr  Canlrnftiatt. 
Alcuhol  cxtriu't  frutu  tOO  pails  rcctiit  frog's  flcitl. 


Stp. 

a.  Id  elMtrticit  portinn, 

li.   III  iii>ii-.'lHnr-liin>l  vtlMn, 

].S4:1 

1 

0.T&2 

o.tjot; 

a 

o.fies 

U.t'J7 

1.83:1 

3 

0.ti64 

tl.4Hl 

l.SK  :  1 

4 

0.6.52 

tK4!<3 

I.X'2 :  I 

S 
G 

T 

0.67S 

l>.433 

l.»S:I 

E^itriittud  with  alc^hut  ofU'' 

|>er  (.ent. 

1.020                  1                    U.748 

l.S(l:l 

WbIip  cxtrsTt. 

fivitit  MrlrBet.                      | 

a. 

IK         ,          a-.b 

a. 

ti. 

ii:lr 

IJ21 

1.B3      1      O.TS :  1 

i.m 

KM 

1.13:1 

8 

0.93 

1.23      1      0.7G:1 

IM 

l.!V5 

1  .T>  -.  I 

9 

0.72 

0,.tO              0.80  : 1 

1.7« 

LS3 

Mutl 

Mean 

0,05 

].25             0.781  1 

l.IO 

l.J4t 

1.16:1 

"  The  amount  of  fat  was  unaffected.     No  urea  could  be  found  in  the 

alcohol  extract. 

"  There  is  great  difficulty  in  perlbrming  esi>erimenta  of  this  nature  on 
warm-blooded  animals,  in  coiiBequence  of  the  rapidity  with  which  iso- 
lated portions  of  the  muscle  lose  their  contractility, 

*'The  beat  resultB  were  obtained  with  decapitated  pigeons  : 


a.  In  (^lK!brlsfKl  n]ii>r1''_ 


Alliunieii  

Water  Bxiracc 
Spirit  estrad.  | 


7.04 
0.G4 
1.68 


n.  In  niMi-ulnctnecil  muwlc. 


q;6 


2.  IS 
0.7S 


"  The  above  facts  sufficiently  show  that  muscular  action  is  always  ac- 
companied by  a  chemical  change  in  the  cnrapoaition  of  the  acting  niua- 
cle."  It  appears  that  after  electrization  the  alcohol  extract  incrcasea  be- 
tween 24  and  38  per  cent.  ;  the  water  extract  dimini.'^hcs  lietwcen  24  and 
'20  per  cent. ;  the  spirit  extract  increaaes  between  13  and  22  per  cent. 

1  therefore  regard  disintegration  of  the  muscular  structure  as  the  prim- 
itive act,  so  far  ss  tlio  fibtil  itself  is  concerned,  And  con^action  as  the 
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BtfancvdiUM  necesSAi^  consequence,  that  dUiotegratton  being  broa^t 
"f""^"*^'"  about  by  the  oxidizing  agency  of  arterial  blood.  Il  must, 
and  Mf*ir.  however,  be  home  in  mind  that  this  waste  is  masked  by  ita 
incessant  repair,  and  tlial  its  condition  at  any  moment  of  its  action  rcpre^ 
sents  the  aefoal  balancing  at  liiat  instant  of  the  waste  and  repair  rt- 
spectively  ;  and  fiince  the  r^jwir  does  not  proceed  with  the  same  rapidity 
as  the  destruction,  it  needs  niiiat  follow  that,  sooner  or  later,  a  point  will 
be  arrived  at  when  there  is  an  absolute  necessity  for  tcpo^  to  give  to 
the  renovating:  processes  the  opportunity  or  lime  for  efiecting  a  camptete 
restoration. 

Accepting,  therefore,  the  fact  that  a  fibre  can  not  contract  without  loaa 
„         .  of  its  substance,  and  regarding  that  loss  as  the  cause  and  the 

whith  cwnirw-  contniclion  aa  the  effect,  it  ia  plain  that  whatever  intiuenc^ 
uon  (Kxvn.  ^^  accomplish  an  oxidation  will  produce  a  shortening  of  the 
fibre.  Perhaps  it  tuay  be  that  the  nerv-e  tubule  docs  tl  by  occa:$ioning  % 
rise  of  temperature;  perhaps  it  may  be,  if  nerves  do  not  end  in  loops, 
but  in  denuded  points,  by  the  current  escaping  into  the  uiuscle  from 
lIiOBC  points^  and  occasioning  such  an  ailolropic  change  in  the  contents 
of  the  muRcle  cells  as  enables  the  blood  to  dedlroy  them,  in  tiie  mannK- 
set  forlh  in  Chapter  X.  With  such  theories  we  need  not  now  embaf' 
rass  oaraelvcs,  but  confine  our  attention  to  the  result  with  which  we  are 
conwmcd.  that  Id  to  say.  llie  destruction  of  the  material  contained  in  the 
muscle  cells,  which  destruction  is  practically  brought  about  by  the  ac- 
cess of  arterial  blood.  \Vhen  tiii-s  takes  place,  the  cell  affected  uuder- 
goe3  an  actual  diminution  of  size,  through  loss  of  part  of  its  contained 
material^  its  longer  axis  sUorlening  from  no  other  cause  than  the  colie- 
sion  of  its  included  granules  thus  suddenly  brought  into  play.  The  cell 
which  we  have  under  consideration,  like  an  entire  mnscular  fasciculus, 
Beitoncion  of  P<'ssc«ae3  "0  power  of  active  dilatation*  and  SO  remains  wiih- 
tlN  eDfltni?ie4  Out  change  until  it  ia  stretched  by  Birailar  contractions  tak- 
"  ing  place  in  the  components  of  other  and  perhaps  distant 

atitagonist  muscles.  Coincident,  however,  with  this  dealraction  of  its 
interior  substance,  and  loss  of  its  prolate  form,  is  the  act  of  repair,  the 
nucleus  of  tlie  cell  reproducing  other  granules  from  materials  furnished 
by  the  blond ;  for  the  arteriwl  capillaries  not  only  bring  the  means  of 
oxidation,  but  they  bring  the  plastic  elentenls  of  nutrition,  and  so  per- 
mit the  cell  to  recover  it3  dinicnsiorts^  and  to  be  stretclied  to  its  orig- 
inal aliflpe.  by  the  contraction  of  antagonist  fibres.  The  destructioo  was 
almost  install taneouEi ;  the  repair  is  an  affair  of  a  little  longer  time,  and 
thus,  wlide  one  part  is  resting,  other  portions  of  the  muscular  mass  take 
up  the  action  in  succession,  one  after  another  contracting.  Such  is  tbe 
first  series  of  changes;  let  us  now  examine  the  second. 

For*  as  the  result  of  that  first  stage,  there  has  been  a  liberation  of  prod- 
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ucta  of  oxidation,  wliich  are  eventually  to.find  their  way  into  the  urinary 
secretion^  or  to  escape  by  the  respiratory  surfaces.    It  is  immaterial  what 
the  tirst  aspect  of  iheae  substances  may  bo,  creatine,  urea,  extractive,  etc.  ^ 
this  imicb  is  absolutelv  certain,  that  they  are  on  ihe  downward  career, 
and  will  end  as  urea,  sulphuric,  earbonic  acids,  etc     The  esperimentB 
both  of  Reymond  and  Liebig  jirovc  thitt  the  muscles,  when  at  „    . 
rest,  contain  no  acid  juice,  and  during  their  activity  it  is  known  muMuUr 
ibal  the  degree  of  acidity  is  projxirtional  to  the  encigy  with  "■*"*• 
which  they  have  been  contracting.      It  can  not  for  a  moment  be  sup- 
poBcd  tiiat  tliia  acidity  is  the  cause  of  the  contraction  :  on  the  contrary, 
it  is  its  reauU. 

Among  the  products  arising  during  Tnuscular  action  may  be  more  par- 
ticularly nicnlioned  inosile,  or  muscle  augar^  which  is  isomeric  inmiie  antf 
with  glucose,  and  creatine,  whicli,  tiiougli  it  contains  go  largo  "^"""f- 
a  proportion  of  nitrogen,  must  be  regarded  as  a  product  of  the  waste  go- 
ing on.  By  the  loss  of  two  atoms  of  the  element  of  water,  it  gives  origin 
to  creatinine,  which  t»  accordingly  found  in  the  muscle  juice,  the  blood, 
and  the  urine.  Indeed,  thcee  two  substances  seem  to  be  inveracly  pro- 
portional to  each  other. 

The  partial  oxidation  which  has  given  rise  to  (heae  variouB  products 
can  not  occur  witliout  an  elevation  of  temperature.  A  second  stage  of 
the  process  of  miiscular  action  consists  in  the  removal  of  the  heat  and 
of  the  partially  oxidJxed  bodies. 

We  have  only  to  look  at  the  minute  anatomy  of  the  parts  under  con- 
sideration to  recognize  tlie  manner  in  which  this  double  re-  Ki-m-iviilortli* 
moval  is  accomplished.  The  arterial  capillaries,  when  tliey  Jjf*'i"||,jp''|!_ 
break  up  for  their  final  distribution,  run  parallel  with  the  Uw  iilood. 
muscular  tibrca,  as  also  do  the  attendant  veins.  From  one  to  tlie  other, 
at  short  intervals,  as  seen  in  J'^i'ff.  227,  intercommunicating  vessels  trans- 
versely pass,  tlie  whole  being  arranged  on  such  a  system  as  to  afford 
the  readiest  means  of  removal  of  the  blood  as  iWt  as  it  becomes  venous 
— a  facility  of  removal  of  the  last  importance  for  carrying  off  the  wasted 
products  of  oxidation ;  and  in  tliia  manner,  thofc  products,  whatever  they 
may  in  the  first  instance  be,  find  a  ready  means  of  escape,  and  so  the 
rauscidar  fibre  by  degrees  is  relieved  from  these  results  of  tiinctionnl  ac- 
tivity. 

Ah  for  the  heat  which  has  arisen  in  a  secondary  way  from  the  meta- 
inorpho^is  wliich  has  been  going  on  in  the  tibre,  that  is  In  like  manner 
o-stracted.  It  is  difficult  to  conceive  of  a  more  effective  method  by  which 
the  heat  could  be  taken  away  from  the  wasted  fibre,  or  indeed  we  might 
:^ay  from  the  interior  of  the  whole  mass  of  the  muscle.  The  current  of 
venous  blood  bears  away  with  it  not  only  the  products  that  have  ariaen 
in  the  oxidation,  but  likewise  the  heat 
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It  is  probable  tliat  one  cause  of  cessation  of  muscular  contraction  in 

tfffci  »f  acta-  any  one  point  of  a  fibre  is  tJie  monieotary  accumulation  ol" 
""^'■'1^"'"  "te-  wasted  material,  as  miglit  he  iJiuslratcd  im  a  coarse  manner 
rial.  hy  tlic  difficulty  of  causing  a  tire  to  continue  burning  wEicn 

the  nahes  nro  permitted  to  accuirtulate,  and  the  ne^eaeity  of  their  reniova] 
before  tlic  combustion  can  go  on.  Two  separate  events  ha%'e  to  occur 
before  a  fibril  that  Jiaa  been  in  contraction  ia  ready  to  contract  again : 
these  are  the  removal  of  the  oxidized  products,  and  t!ie  renovation  of  the 
interior  of  the  tells.  The  two  probably  go  on  coincidently.  the  reins 
taking  one  part  of  the  duty,  and  tlic  arterial  capillaries  the  other. 

In  non-striated  rmiscidar  fibre,  in  whieii  the  supply  of  blood-*-c8sels  is 
Pctulinrity  in  much  less  copioua,  there  is  a  possibility  for  a  lateral  propa- 
of*tiou-sLriai"d  g^lio"^  of  effect,  bccauBC  of  the  possibility  of  the  lateral  prop- 
Hii*.  agation  of  the  heat,  either  supplied  directly  from  the  nerve 

tubule  or  urising  from  the  oxidation  going  on.  The  sluggishncas  of  its 
first  contraction,  the  longer  continuance,  the  propagation  from  fibre  to 
fibru  laterally  until  the  effect  wears  out  or  is  re-eulbrcej  by  &omc  new 
Htiniulu3,  might  almost  Bcem  to  be  the  necessary  result  of  the  imperfect 
supply  of  arterial  blood,  the  sluggish  removal  of  the  products  of  waste, 
and  tlic  more  perfect  opportunity  for  the  diffusion  of  lieat.  This  doc- 
trine therefore  meets  wilh  a  very  happy  illustration  in  the  phenomenon 
displayed  by  the  contractio]i  of  the  two  kindii  of  fibre. 

It  may  still  iiarthcr  illustrate  these  views  to  examine  that  other  variety 
Rii,vtiLiiiic  tun-  of  contraction,  rliytJi-mic  m  its  nature,  which  is  exliibited.  for 
tracuuHB.  oxaniple,  by  the  heart,  of  which  it  may  be  said  that  the  fibres 
show  a  Biniultaticous  contraction  alternating  with  periods  of  repose,  con- 
traction and  relaxation  succeeding  each  other  at  dstinitc  mtervals.  If, 
as  we  have  just  saiJ^  the  cessalion  of  contractility  arises  from  the  mo- 
mentary accunmlation  of  products  of  waste,  and  the  capacity  for  its  r^e- 
newal  is  due  to  restoration  of  the  original  state  by  nutrition,  rhythmic  ac- 
tion may  tbllow  as  the  consequence  of  an  arrangement  of  muscular  JibriU 
with  an  adjuated  supply  of  arterial  and  venous  capillaries.  An  original 
uxcilation  producing  u  contraction  can  not  act  in  a  permanent  way,  for 
llie  result  of  that  contraction  jy  an  accumulation  of  wasted  material  whicli 
must  l>c  removed.  It  may  require  but  a  moment  for  the  removal  to  take 
place  to  a  sufficient  extent  to  enable  the  original  disturbance  to  act  onct 
more,  and  I>e  checked  in  its  action  again.  Whatever  value  there  may 
be  iu  such  c.\-pIanations  as  these,  they  undoubtedly  gather  a  deep  inlor- 
CBt  from  thus  enabling  ug  to  comprehend  that  it  ia  possible  to  resolve 
such  mysterious  phenomena  as  rhythmic  periodicities  into  the  results  of 
ordinary  mechanical  laws. 

But  the  question  returns  upon  us.  Admitting  the  descripliona  that 
Iiave  now  been  given  to  be  a  true  representation  of  the  facte,  and  also  of 
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their  natural  scnncncB^  what  is  the  actual  physical  cause  of   „    

the  Btiortemng  of  the  muscmar  nbrur     All  that  we  nave  estenaivomDJ. 
tlma  far  said  can  be  received  at  the  best  as  only  a  statement  ^;*l'»'"  "ron^at^ 

"""  ^y  allgJil 

of  a  succession  or  order  of  facts.  To  say  that  tliat  shorten-  muscijar 
irig  is  the  direct  consequence  of  loss  of  material  involves  us  "**"' 
at  once  in  the  inquiry  whether  it  he  possible,  through  the  destruction  of 
80  SFnall  an  amount  of  malerial  ag  we  know  to  occux,  that  any  tiling  like 
the  required  e^^tent  of  motion  could  be  produced.  Could  a  muscle  be 
made  to  shorten  several  imihes,  and,  upon  these  priiiciplcs,  lose  only  an 
in&igniHcant  amount  of  weight,  the  shortening  being  nevertheless  the 
consequence  of  that  loss  of  weight  or  destruction  of  aubatance?  To  an- 
swer this  inquiry,  we  havct  in  the  first  place,  to  recall  the  fact  that  n 
whole  muscle  la  Jiever  in  contraction  at  once,  but  only  an  InsigiiiJicanl 
portion  thereof,  one  bundle  of  Hbrils  after  another  taking  up  tlie  action  in 
succession,  and  each  particular  fibril  undergoing  cliange,  not  throughout 
ita  whole  length,  but  only  in  isolated  portions  here  and  there.  We  have, 
moreover,  to  recall  tlie  inaigniticant  weight  of  these  librils,  for  a  simple 
computation  will  show  that  thirty  thousand  of  them  a  foot  long  weigh 
only  a  single  grain,  To  these  recoUectiona  we  should  add  the  intense 
energy  of  the  molecular  force  of  attraction,  as  displayed  at  such  distances 
as  those  which  we  have  here  under  consideration— -diatnncea  which  wo 
may  regard  as  being  viriualEy  inappreciable,  and  these  recoUectione  place 
the  prohlera  in  its  true  light,  and  set  it  in  its  proper  attitude  before  ua. 

For  it  is  capable  of  demonstration  tiiat  muscular  contraction  ensues  as 
tlie  direct  coii3cquence  of  destruction  of  muscular  euhatance,  and  tliat  a 
great  linear  extent  of  movement  may  be  accomplished  by  the  removal  of 
an  insigniticant  amount  of  substance-  If  100,<XkO  fibrils  lost  one  third 
of  their  entire  auhstance — ^a  thing  which,  of  course,  could  scarcely  take 
place — the  diminution  of  weight  would  only  amount  to  a  single  grain. 
Our  conception  of  this  action  may  perhaps  be  rendered  clearer  by  an  il- 
lustration. If  we  had  an  iron  thread  of  excessive  tenuity,  ilii«.iraiior  or 
composed,  for  instance,  of  a  single  row  of  iron  atoms  set  end  Ifn'otuidB"^" 
to  end,  and  could,  by  suitahle  processes,  effect  the  removal,  flljre. 
here  and  there,  of  aloma  in  the  line,  an  instantaneous  contraction  would 
be  the  Tcgult,  the  thread  shortening  in  proportion  to  the  nnmher  of  atoms 
removed,  but  ishortening  with  an  energy  commensurate  with  the  coheaive 
force  of  the  iron  itself,  and  yet  ready  to  return  to  its  original  length  the 
moment  that  fresh  iron  atcme  present  themselves  to  be  introduced  in  the 
place  of  the  abstracted  ones ;  and  so  with  muscular  fibre,  the  molecular 
force  of  cohesion  developed  here  and  there  by  the  removal  of  tissue  is  to 
he  measured  only  by  the  cohesion  of  the  fibre,  though  the  loss  of  mate- 
rial which  may  have  been  the  cause  of  that  force  coming  into  play  may 
he  very  small  indeed  :  nor  does  the  quickness  of  relaxation  present  any 
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difficult}'  when  we  consider  the  rapidity  with  wliiuh  interstitial  natritian 
takes  place,  ^nd  the  small  quantity  of  matter  to  be  supplied^ 

We  have  now  analyzed  the  phenomenon  of  muscular  contraction,  &nd 
J  set  Ibrththe  conditions  on  which  it  depends.     These  we  may 

nieui  of  [His  liefc  reproduce  together  for  the  more  distinct  continuation  of 
>Mtrne.  ^j^^  yrgumeiit.     The  priinaiy  act  is  the  destruction  of  the 

[uu£cular  material  by  the  agency  of  arterial  blood;  an  incipient  oxidation 
aettbig  in,  the  wasting  particles  can  no  longer  retain  the  places  they  have 
occupied.  They  liave  lost  their  hold  on  the  particles  with  which  they 
wero  associated.  At  that  instant  molecular  attraction  comes  into  play, 
and  shortening  of  the  fibre  is  the  result.  The  wasted  niateriai  is  already 
being  absorbed  by  the  renoua  capillaries,  and  already  repair  is  taking 
place  by  the  introduction  of  new  fibrinous  material  from  the  art^ial 
blood ;  but  the  renewal  or  repair  proceeds  niucli  more  lalowly  than  the 
removal  of  the  waste ;  the  latter  effect,  as  might  he  inferred  from  what 
has  been  said  under  the  head  of  absorption,  occurs  almost  instantly,  the 
former  gradually ;  and  thus  muscular  contraction  presents  itself  as  a 
composite  result,  depending,  under  normal  circumstances,  partly  on  oxi- 
dation, partly  on  removal  of  waste,  partly  on  repair  by  nutrition,  vet  so 
that  if  any  one  of  these  conditions  be  interfered  with  it  can  not  take  place 
at  all. 

I  can  not  at  this  point  avoid  offering  a  criticism  on  the  cxperimenlii 
Volume  of  B  ^7  wliich  it  lias  been  attempted  to  prove  that  a  muscle,  when 
iiLu&ck  <rier  it  contracts,  losea  none  of  ita  bulk  ;  the  loss  that  does  in  real- 
ity  occur  is,  it  is  true,  very  mmute,  perhaps  so  minute  that,  ui 
the  coarse  apparatus  which  has  been  resorted  to  in  these  experiments,  it 
iKff.iw.        would  be  altogether  inappreciable.     Such  ft  contrivance  is 
fc     represented  in  ^i^.  229,  in  which  a,  a  is  a  wide  tube  for 
J  ^        V     containing  the  mu&de,  tj;  it  is  also  to  be  filled  with  wat«r, 
and  from  its  side  a  narrow  tube,  c2,  projects,  the  water 
reaching  to  some  such  point  as  e.     The  tube,  fl,  a,  being 
closed  at  both  ita  extremities  water-tight  by  means  of  corks* 
J,  c,  whenever  the  muscle  ia  made  to  contract  by  an  elec- 
tric current,  applied  by  means  of  the  spring  wires,  y,  y,  or 
Otherwise,  if  enlargement  occunred  the  water  would  rise  at 
c,  and  if  diminution  it  would  descend ;  but  ais,  upon  trial, 
it  is  found  that  no  movement  whatever  takes  place,  it  has 
been  inferred  that  the  volume  of  the  muscle  remains  un- 
changed.    But  no  compensation  whatever  for  temperatnic 
ia  provided  I     Yet  it  is  positively  known  that  when  a  mus- 
cle contracts  it  becomes  warm,  and,  doubtless,  these  in- 
struments,  if  delicate  enough,  would  have  led  to  the  pre- 
posterous concluBion  that  a  muscle  after  contraction  is  larger  than  it  was 
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before.  But,  even  setting^  diBtarhancca  of  temperature  aaidc,  3iich  t^a- 
perimcnta  are  of  no  kind  of  value,  since  they  contain  no  pToviaion  for  the 
removal  of  the  wasted  material  of  the  muscle,  whicli  still  continues  a  part 
thereof,  though  it  has  become,  to  all  intents  and  purposes,  extraneous, 
and  would,  it' in  the  luing  system,  have  been  inatantly  removed  by  the 
vein  a. 

Anil  now,  by  the  aid  of  these  doclrinea,  we  may  corapTchcnd  the  ftiU 
significance  of  those  conditions,  which  have  been  long  known 
tophysiologistStWhich  have  cast  such  a  mystery  over  muscu-  ofparUaiiiy- 
lar  contraction,  and  led  to  such  a  diversity  of  views  as  re-  P'"''*'"*- 
specta  its  true  explanation.  We  sec  that  they  were  right  who  asserted 
that  muscular  contraction  is  a  function  of  nutrition,  though  they  were 
wrong  in  saying' that  it  is  therefore  of  a  vital,  and  consequently  of  an 
uiexphcable  nature.  They,  too,  were  right  who  asserted  that  muscular 
contraction  depends  on  respiration,  and  that  the  higher  the  rate  of  that 
function  the  more  energetic  the  muscular  power  will  be.  They,  too,  were 
right  who  asserted  that  muacular  contraction  is  raanifeat<^  by  a  waste 
of  tissue,  and  that  that  waste  maybe  measured,  if  certain  corrections  are 
applied,  by  the  quantity  of  urea  and  sulphuric  acid  in  the  urinc^  They, 
too,  were  right  who  assorted  that  there  is  a  connection  between  the  co- 
agulability of  the  blood  and  the  energy  of  muscular  contraction  in  the 
various  tribes  of  Hfe^  for  tlie  speed  of  repair  depends  on  the  percentage 
of  fibrin  in  the  blood,  and  so,  too,  docs  the  Rpeed  of  coagulation.  They, 
too,  were  right  who  aaaertcd  the  coimection  between  muscular  contrac- 
tion and  the  Speed  or  slowness  of  the  circulation  of  the  blood.  All  these, 
and  many  other  partial  hypotheses,  are  the  necessary  consequences  of  the 
more  general  doctrine,  that  muscuUi:  contraction,  js  the  result  of  loss  of 
muscular  substance. 

There  remains  a  phenomenon  to  which  our  attention  has  to  be  direct- 
ed in  the  conclusion  of  this  subject.  It  is  the  contractions 
which  may  be  observed  under  the  microscope  when  a  faacicu-  produced  by 
lus  is  submitted  to  water.  These  contractions  commence  in  **^"' 
isolated  places,  from  wliich  they  spread  in  nil  directions,  and  so  move 
about  from  end  to  end,  often  interfering  with  one  another,  the  fasciculut^ 
thickening  where  the  contraction  is  greatest,  and  eventually  the  whole 
length  becoming  involved.  The  ultimate  de^gree  of  contraction  that  can 
be  reached  reduces  the  fasciculus  to  one  third  of  its  original  length.  With 
this  contraction,  through  tlie  agency  of  water  or  otlier  such  liquids,  we 
may  connect  those  contractions  which  ensue  under  the  presauie  or  dis- 
turbance of  some  hard  body,  as  by  the  touch  of  a  pin. 

From  these  cases  it  might  be  supposed  that  muscular  contractility  can 
lake  place  independently  of  cbeiuicnl  destruction,  but  a  more  critical  ex- 
ajnination  of  them  will  satisfy  na  that  they  en^np  as  the  natural  coDse^ 
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queuces  of  tlie  preceding  views.     They  are  not  to  be  regarded  as  pure  or 

uQConiplicated  niaaiiestations  of  tbe  qualities  oi  muacular  fibre  itself,  but 
as  the  consequences  of  tbe  imprefiaioo  that  Las  been  made  upon,  it  by  the 
trealmi^nt  through  which  it  has  passed.  The  preparation  of  a  fasciculiiF 
call  not  be  made  without  cutting  or  rending  the  parts,  mutilating  cke 
ncrvea  of  supply,  and  totally  destroying  the  functions  of  the  arteriea  and 
vebia.  In  the  act  of  essectiug^  such  a  fasciculus,  the  disturbance  im- 
pressed itpon  it,  however  great  it  niay  be,  is  never  ftilly  answered  to  by 
the  due  amount  of  contraction ;  for  with  the  dqatniction  of  the  vaficular 
mechanism  there  is  no  means  of  removing  tbe  products  of  waste,  and  con- 
traction can  not  go  on  to  its  fidl  completion,  but  in  this  condition  the 
faBcicuhis,  placed  in  water,  gradually  gives  up  here  aud  there  the  prod- 
ucts of  waste,  aud  witli  their  removal  the  opportunity  arises  for  the  re- 
maining muscular  elemeuta  to  approach  one  anothcTj  aud,  tinaJly,  coiii' 
plctc  contraction  ensues ;  a  contraction  not  due  to  the  immediate  action 
of  the  water,  but  to  the  change  impreased  upon  the  fasciculus  by  the  oj*- 
eration  for  its  cxsection. 

So  aa  regards  disturb^tice  by  the  toucli  of  foreign  bodies,  we  mi^ht 
Conctaciion  recall  tliose  numerous  instances  known  in  cliemistry,  in  which 
b^-touciii.  decompositions  or  other  mechanical  results  are  brougiit  about 
in  a  similar  way.  The  diS'erent  compounds  which  undergo  explosi\'e  de- 
compoaition  by  the  lightest  friction  might  furnish  us  with  illustratiotia ; 
but,  in  tliia  instance,  the  etfect  ia  more  purely  mcclianical,  and  arises  from 
the  forced  equilibrium  into  wliich  the  fasciculus  ha*  fallen  by  the  act  of 
exaecting  it  being  moro  or  less  perfei:tly  overcome  The  elements  of  u 
part  of  a  liisciculua  are  brought  by  that  touch  within  a  nearer  raagc  of 
one  another,  the  products  of  waste  which  had  failed  to  escape  because  of 
the  destruction  of  the  absorbent  firnction  of  the  veins  are  pressed  aside. 
one  motion  gives  rise  to  another,  a  worm-like  action  spreads  here  and 
there  irregularly  through  the  length,  mxi  ends  in  a  tinal  contraction. 

Coimected  with  llie  phenomena  described  in  the  preceding  paragraph 
is  that  general  rigidity  of  the  musclea  which  occurs  a  certain 
time  after  death,  and  hence  known  as  rigor  mortis.  This 
uaually  commences  in  the  lower  jaw  and  neck,  invading  nert  the  upper 
eilreuiities,  and  reaching  eventually  the  lower  ones.  After  continuini 
for  a  period  longer  in  proportion  to  the  lateness  of  its  boginniug,  relaxa-'^ 
tion  ensues,  the  parts  being  affected  in  the  same  order  as  they  wore  rondo 
rigid.  Tlie  rigor  mortis  aometiniea  begins  as  soon  as  ten  minutes  ai'ter 
death,  soraetinies  it  is  postponed  aa  lojig  as  seven  hours.  In  those  who 
Jiave  died  of  clu-ouic  diseases  it  occurs  and  ceases  very  quickly.  Botli 
clasaes  of  muscles,  striped  and  uuatriped,  are  affected  by  it,  and  when  ii 
is  over  they  present  an  unreaiatiug  and  lax  comlition,  aud  putrefactive 
change  presently  seta  in.     Even  after  cadaveric  rigidity  has  been  aj 
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anmed,  the  contractile  power  of  muBcles  may  be  reetored  by  furnisliing 
thipm,  through  a  suitable  anan^ment,  arterial  blood:  for  tllia  fact  we 
are  indebted  to  I>r.  Brown-Sequard,  Ins  experiments  having  been  made 
both  upon  man  ami  animals.  The  arttrial  blootl  employed  assumed, 
during  its  passage  through  tbe  limb  which  was  the  subject  of  the  trial, 
the  venous  character,  and  issued  of  a  dark  color.  This  restoration  of 
contractility  was  by  no  means  imperfect  or  transient ;  in  one  instance  it 
continued  for  two  hours. 

By  means  of  tendon  the  muacleB  are  attached  to  the  skeleton,  which 
constitutes  the  solid  framework  of  the  system.  Operating  f;^„^^^.y(,„  ^j 
thus  through  the  skeleton,  the  muscles  are  enabled  to  keep  muBcrie  for  lo- 
the  entire  body  in  the  erect  or  standing  poailion,  and  also  to  ™°"''^'"'' 
^ve  it  locomotion.  The  conditiona  of  standing  and  tocomotion  have  been 
well  studied  by  the  brothers  Weber,  the  tbllowing  being  a  brief  synopsis 
of  their  statementa. 

In  man,  the  power  of  standing  implies  tJie  conservation  of  the  line  of 
(Urectton  of  the  whole  body  within  the  narrow  basis  covered  by 
the  feet  and  l^twecn  them.  The  head  is  balanced  on  the  at- 
las HO  nearly  utjder  its  centre  of  gravity  that  no  llgamentnm  tiuch*  is 
required,  as  in  the  case  of  other  animals,  to  prevent  it  from  falling  for^ 
ward.  Nevertheless,  a  forward  motion  can  be  executed,  amounting  to 
iibout  75  degrees  from  the  perpendicular,  and  a  lateral  motion  right  and 
left  of  from  45  to  50  degrees*  In  standing,  the  weight  of  the  entire  body 
13  transmitted  perpend icnlarly  to  the  feet.  These  rest  on  tlic  heel  and 
the  fore  ends  of  the  metatarsal  bones,  especially  of  the  great  and  little 
(oes,  and  on  the  points  of  the  toes.  The  general  centre  of  grainty  of  the 
tmtire  body  ia  a  little  above  the  transverse  axis  connecting  the  licada 
r>f  the  thigh  bonea,  and  for  equiUbrium  to  be  maintained,  a  perpendicular 
line  lirawn  from  tliia  centre  must  always  fall  within  the  hasla  inclosed  by 
the  contour  of  the  feet. 

Even  in  the  most  perfect  condition  of  rest  that  we  can  assume  while 
maintaining  the  standing  position,  a  great  many  separate  muscular  acts 
are  necessarily  required.  Ajwrt  from  those  little  voluntary  changes 
which  ate  incessantly  occurring^  the  rhythmic  action  of  the  muscles  in- 
volved in  respiration,  especially  thoae  of  the  abdominal  walls,  is  pcrpet^ 
uolly  changing  the  position  of  the  centre  of  gravity,  and  therefore  those 
muscles  which  are  employed  in  keeping  the  spine  erect  are  obUged  to 
aasume  an  antagonizing  rhytlimic  action.  This  ia  at  onee  the  reason  of 
the  fatigue  we  experience  in  long  standing,  and  of  the  difficulty  which 
infants  encounter  in  their  attempts  to  maintain  the  erect  position. 

In  walking,  the  legs  act  like  a'pair  of  pendulums.     The  head  of  the 
thigh  bone,  which  is  their  centre  of  motion,  ia  held  in  its  sock- 
et, not  by  musculnr  exertion,  nor  by  its  ligamentous  nrrange- 
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tnents,  but  by  the  pressure  of  the  air,  a  fact  that  may  be  proved  by  very 
simple  experiments.  If  the  pressure  of  the  air  be  removed,  as  in  an  ei- 
hau8teJ  receiver,  spontaneous  dislocation  ensues.  Tlie  trunk  of  the  body 
is  like  a  rod  balanced  on  an  axis  parsing  through  the  hip  joints,  and  ad- 
vancing; with  the  movement  of  the  legs  IJke  a  rod  balanced  on  the  tip  of 
the  finger.  It  is  inclined  forward  or  backward  in  correspondence  with 
the  motion  or  with  the  refiistanec  of  the  wind ;  if  the  wind  blowa  in  front. 
we  lean  forward;  if  behind,,  we  lean  backward;  theangteof  inclination  be- 
ing in  proportion  to  its  force.  In  walking  tiicrc  are  two  distinct  jjeriods ; 
the  hodjia  first  poised  on  one  of  the  limbs,  and  then  reals  for  a  moment 
on  both.  The  advancing  limb  swings  like  a  pendulum,  bending  at  tlie 
kiitx  so  as  to  be  shortened  one  ninth ;  the  other  straightening  at  the  koec 
and  hij)  joint,  and  so  pushing  the  pelvia  and  trnnk  forward  to  be  received 
on  tlic  liirtb  that  has  juat  advanced.  It  is  only  in  slow  walking  that  the 
whole  arc  of  motion  is  swung  through,  the  time  occupied  being  two  ttiirdfl 
of  a  second.  In  quick  walking  and  running  only  half  a  vibration  is  ac^ 
compliaheJ,  and  this  in  half  a  second  of  time.  In  slow  walking  each  foot 
rests  upon  the  ground  one  third  of  a  second,  The  longest  step  made  is 
half  the  entire  span  of  the  two  extremities.  To  prevent  swaying  from 
side  to  fiide,  the  arms  swing  with  the  legs. 

In  tunning  there  is  a  moment  when  both  feet  are  off  the  ground  at 
once,  and  the  body  actually  ijroiected  into  llie  air.  In  walk- 
iiig  tiiere  ib  a  moraent  when  both  feet  are  on  the  groujid  to- 
gether, the  one  not  being  raised  till  the  other  is  planted.  In  running  tin 
steps  are,  on  an  o\eragi;,  twice  as  long  as  in  walking ;  and  the  number 
of  steps  made  in  a  given  time  in  running  and  walking  respectively  is  as 
3  to  2, 
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CHAPTER  I. 

OF  THE  PEINCIPLE  OF  OBGAMZATION,  OK  PLASTIC  POWEH. 

Ranwici  on  the  Snixlirinoa  of  Pht/aoioffg. 

Garcfr  of  an  Orgaaic  Forin  .-^Tlirrt  Motifn  af  DKitlapiaFnI. 

Irifuiry  rfspertiatf  the  special  I^imjik  of  Orgntiizalioit. — I/hstrafion  front  Ifie  Gnictft  of  a  Plaal 

in  Lkirknt-ts  and  Liyhl. — firffrence  retperliiig  Plastic  Pctiifr :   its  Nnlarf  and  I'mjinrtiet,—- 

Of  iht  ord\nar>j  Grou-ik  of  a  J'lant,  and  tin  tiourcaffom  lekicA  itt  Muteriah  are  deri\:td. 
ftetiiiinn  of  all  Orffaninitiif  to  ench  ottirr^ 
OofTfrtioa  of  tbt  Dortriafi  nf  fJ  /Va.tfiT  Patcer.  from  Oonaiderationt  rrgardinij  tkf.  IndiTriduaUij^ 

t^  a  ftimt. — PiemtsfB'e  OprrcUum^,  not  ladinituaU. — Physical  liktstratMn  oflhii  Vttit. 
QmchtiiM  rfjcfitrlinif  the  Nature  of  /he  Plastic  Powtr:  that  it  ii  a  continufd  Ma7li/estfiti^)n  nfun 

anlaeedent  physical  Imprtsfion. 

BctiARDiNG  pliysiologj  a3  a  branch  of  natural  philosophy,  1  have  been 
led  in  this  work  to  introduce  the  methods  of  considering  it  DivisiDoiof 
which  are  femiUar  to  writers  on  mechanics ).  for,  aa  there  are  pl'i'si'-'oBy- 
two  diatinct  divisions  of  that  subject,  according  as  we  treat  of  the  equi- 
librium or  the  motion  of  inorganic  bodies,  so  liitewiae  there  must  be  in 
physiology  a  statical  and  dynamical  branch,  the  one  including  the  con- 
ditions of  e<iuilibrium  of  an  organized  form,  the  other  those  of  ita  devel- 
opment— development  being  no  more  than  its  motion. 

If  we  establish  this  subdivision  in  physiology,  similar  advantages  will 
doubtless  be  obtained  for  thia  science  as  those  wluch  sO'  A()vi,n(iieej.jr 
quickly  accrued  to  mechanics  after  Galileo  had  formally  in-  *^"  division. 
troduced  the  same  partition  therein.  Moreover,  in  this  case  there  arc 
collateral  reasons  not  applying  to  tiiat.  Whatever  may  be  the  views 
which  the  advance  of  science  causes  ua  to  take  of  the  various  functJona 
maintaining  a  living  animal  in  ita  normal  state — whatever  may  Le  the 
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general  conception  we  entertain  of  the  nature  of  its  equilibrium,  it  is 
acarcely  posaible  to  present  the  suhject  in  a  manner  that  will  coincide 
with  the  diversiJicci  viewH  of  the  profession.  It  is  almost  exclusively 
with  statical  physiology  that  the  physician  haa  to  deal.  The  healthy 
and  diseased  etatea  of  the  apparatus  for  digestion»  absorption,  respira- 
tion, circulation,  innertalioc,  etc.,  are  the  IhiugH  with  which  he  ts  con- 
cerned. It  is  respecting  these  that  his  mind  is  filled  with  the  early  prej- 
udices of -his  education,  and  that  his  social  necessities  compel  him  to  ex- 
press with  decision  opinions  unsuited  to  a  close  philosophical  examina- 
tion, lie  is  to  be  |>ardoned  for  the  mystification  which  circumstance« 
oblige  him  to  cast  upon  the  subjecta  of  his  atudy ;  for  resorting  to  the 
vital  principle  as  an  explanation  of  his  difBcnltics  ;  and  for  throwing  tipon 
the  nervous  system  the  burden  of  every  thing  for  which  the  imperfect 
!4tate  of  physiology  does  not  enable  him  to  account.  He  i&  not  to  bei 
blamed  that  the  circum stances  binder  which  he  is  placed  comjiel  him  to 
(ippcar  to  know  more  socially  than  he  actually  does  know  philosophically  ; 
and  where,  under  such  a  false  position  of  thiiige,  men  have  been  spend-l 
ing  their  lives,  it  is  not  at  all  extraordinary  that  they  should  resist  an^j 
attempt  at  a  reformation  which  strikes  at  the  very  exifltence  of  the  doo-1 
trines  they  have  adopted,  and  to  which  they  stand  committed.  The  oW 
physician  mufit  have  bis  vital  principle  and  Lis  nervous  agpnt,  or  he 
must  begin  the  alphabet  of  his  studies  again.  If,  therefore,  statical  phys- 
iology stood  alone,  it  must  depend  for  its  progress  in  the  gradual  removal 
of  error  and  introduction  of  truth  upon  one  generation  of  pliysicians  sno-j 
cceding  another  ;  but,  fortunately,  there  is  a  cii-cumatance  which  aids  it 
in  this  march,  for  the  great  branch  on  wliich  we  are  now  entering  pre- 
sents connections  and  considerations  of  a  more  purely  philosophical  kind, 
free,  at  all  events;,  from  the  entanglements  of  profesisional  inlereste.  Ca- 
pable of  l>eing  treated  in  the  rigid  manner  of  the  positive  sciences,  imd  re- 
moved, by  reason  of  the  nature  of  the  topics  with  which  it  is  conceme 
tiora  the  strifes  of  medical  sectarianism,  this  noble  subject  can  develop" 
Itself  in  silence,  without  disturbance  and  without  restraint ;  and  yet  such 
an  advance  can  not  take  place  without  compelling  a  reflected  eflect  to 
ensue  in  statical  physiology,  and  hastening  the  time  wlien,  by  the  united 
consent  of  all  physicians,  it,  too,  will  be  cleared  from  tvery  mystification, 
tmd  brought  within  the  pale  of  exact  and  positive  science. 

In  the  preceding  book  wo  have  investigated  the  conditions  of  thci 
CBTotrofanor-  equilibrium  of  the  animal  mechanism:  in  this,  therefore, w« 
canic  fonu.  have  to  treat  of  its  motion  or  career.  Indeed,  we  might  gen- 
eralize our  expression,  and  include  the  vegetable  along  with  the  animal, 
for  the  two  are  so  inseparably  connected  that  we  can  not  speak  of  the 
one  without,  at  the  same  time,  dealing  with  the  other.  Viewed  aa  lo- 
spects  its  motion  or  curcer,  an  organism  presents  us  with  the  striking 
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fact  that  it  pasaea  through  a.  definite  eeriea  of  changes.  ComTnejicing  at 
first  as  a  simple  cell,  to  wluch  what  might  be  termed  a  momentum  of  de- 
velopment has  heen  imparted,  it  assumes  one  form  after  another  in  auc- 
cesftion,  but  is  ever  ready,  hkc  the  moving  bodies  of  niechanicst  lo  obey 
the  impulsea  which  extraneous  forces  may  impress  upon  it.  Properly 
speaking,  we  can  never  say  of  an  organized  being  tliat  it  is  iii  a  condi- 
tion of  rest.  In  truth,  it  ia  always  iji  motion.  It  has  a  paat  and  a  fu- 
ture— coming  from  one  state  and  going  to  anotlier;  and  though,  to  use 
the  language  of  mechanics,  the  inertia  that  it  has  at  any  moment  must 
tend  to  continue  it  in  the  state  at  which  it  is  then  found,  since  it  varies 
by  degrees  from  one  condition  to  another,  -we  are  obUged  to  look  upon  it 
in  these  variations  just  as  we  should  upon  an  inorganic  mass  under  sim- 
ilar circumstances,  and,  guided  by  tlie  incontrovertible  law  of  phygics, 
that  every  change  of  motion  is  to  bo  attributed  to  the  influence  of  a  force, 
we  must  impute  its  passage  fix>m  stale  to  state  to  the  intervention  of  a 
like  agency.  In  this  respect,  the  care<?r  of  an  organic  combination^  in  its 
two  conditions  of  maintaining  for  a  time  a  similarity  or  passing  through 
metamoqihoses,  presents  a  geneml  analogy  to  the  uniform  rectilinear,  and 
to  the  varied  motion  of  mechanics. 

Ab  we  have  just  remarked,  the  most  elementary  organic  combination 
nppcara  to  be  a  simple  cell.  Tins,  under  circumstances  ^ 
which  we  shall  presently  consider,  may  pass  into  develop-  rkul  modea  pf 
ment  by  multiphcation  in  three  different  ways,  geometrical-  *'*  oiiifleoi. 
ly  distinct.  Its  development  may  be  in  one,  two,  or  three  dimensions — 
linear,  superficial,  or  solid.  As  illustrations  may  be  offered  the  proto- 
C0CCU3,  which  is  a  simple  cell;  the  linear  confervte,  consisting  of  a  row 
of  cells  which  perpetually  undergo  terminal  ejstension,  the  line  becoming 
longer  and  longer  as  development  of  new  cells  at  the  end  goes  on ;  the 
olvas,  in  which  increase  takes  place  simultaneously  in  length  and  breadth ; 
and  any  of  the  higher  forms,  which  grow  simultaneously  in  length, 
breadth,  and  thickness..  Whatever  the  manner  of  development  may  bo, 
or  whatever  the  condition  prcflenled  as  the  combination  passes  from 
phase  to  phase,  no  doubt  can  be  entertained  that  it  takes  place  in  conse- 
quence of  the  agency  of  forces  which  are  acting  under  definite  laws ;  and 
though,  even  in  the  case  of  organisms  low  in  the  series,  a  geometrical 
definition  of  their  form  is  impossible,  this  is  because  of  the  imperfection 
of  Ottr  knowledge,  and  is  no  kind  of  indication  that  there  haa  been  any 
iltcgularity  or  wantonness  of  play  in  the  forces  at  work. 

Asserting  thus  in  the  broadest  manner  the  influence  of  physical  forces 
over  development,  and  seeing  that  djTiamical  physiology  must  j^^airy  into 
be  committed  to  those  conditions,  and  those  alone,  which  are  chpesUiaace 
universally  recognized  in  positive  science,  I  shall  proceed,  in  prindpla'of 
this  chapter,  to  set  forth  the  views  we  entertain  respecting  the  orgsniMiion, 
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existence  snA  nature  of  &  special  principle  ef  ofgani^ation.  The  condii- 
BUHis  at  which  we  shall  airivc,  tbough  apparently  verr  different  6roni 
what  we  might  have  expected,  are  the  necessaiy  consequences  of  the 
physical  doctriae. 

It  mar,  perliaps,  aid  the  reader  if  I  give,  at  the  outset,  a  sjnopsU  of 
Oudine  of  ihe  'l^e  argument.  Selecting  as  a  general  illtiBtntion  the  fiunit- 
•rguffliMt.  iar  case  of  the  germination  of  a  seed  and  the  growth  of  ■ 
plant,  we  shall  investigate  the  results  of  growih^  in  light  and  darkness, 
with  their  attendant  phenomena.  From  this  we  shall  draw  apparent  ev- 
idence of  the  existence  of  a  special  principle  of  organization,  or  plastic 
power,  and  ascertain,  in  a  general  way,  ii3  functions ;  bnt^  from  an  ex- 
amination of  the  altitude  in  which  the  resulting  organism  stands,  as  re- 
spects its  individuality,  we  shall  learn  to  correct  that  \-iew,  and  reach  the 
final  conclusion  that  that  plastic  power  is  not  an  agent,  hat  a  condition 
of  things,  the  result  or  the  manifestation  of  antecedwit  physical  utdn- 
encK. 


Every  living  being  springs  from  a  germ.  The  animal  and  v^etable 
PrinMnnii*!  kingdoms  present  U3  with  numberless  forma,  differing  &otii  one 
"^  another  in  aspect,  in  construction,  and  in  function  ;  but  tlie  or^ 

igin  of  all  13  the  same — a  cell  or  vesicle,  which*  under  tlie  influence  of 
external  circnnistancGS,  develops  into  a  determinate  shape, 

A  seed  may  be  kept  in  a  dry  place  for  many  years  without  undergo- 
ing any  visible  change,  or  losing  its  power  of  germination.  It  may  b»- 
exposed  to  all  the  annual  variations  of  temperature  occurring  in  tji*  dif- 
ferent seasons ;  it  may  have  the  free  access  of  atmospheric  air.  It»  th 
tality  is  dyrma^nt;  there  is  no  attempt  at  evolving  its  parts. 

But  if  gome  water  be  supplied,  and  a  cextain  degree  of  dampness  be 
GeminBtioa  thereby  communicated,  the  seed  does  not  fail,  as  soon  as  tlir 
BtmeA.  -tcniperalare  reaches  that  of  a  summer's  day,  to  germinate. 
Under  the  influence  of  air,  heat,  and  moisture,  the  embryo  consumes  the 
nourishment  stored  up  for  it  in  the  seed,  a  gradual  unfolding  of  its  part? 
ensues,  a  tool  in  put  fortli,  a  stem  rises  from  the  ground,  and  leaves 
make  their  appearauce ;  bo  heat,  air,  and  water  have  enabled  llie  seed  to 
become  a  plant. 

These  physical  agents  are  not,  however,  sufEcienl  to  carry  Ihe  growth 
EActs  nt  BUB-  forward  to  its  full  extent.  Another  is  esaent jal :  it  Is  light : 
Uffhi.  for  if  growth  be  conducted  in  darkness,  heat,  aur,  and  water 

can  not  cause  the  young  plant  to  add  any  (liing  to  its  substance.  It  is 
leedlng  on  the  seed.  Indeed,  when  the  experiment  is  carefully  made,  il 
U  found  that  there  is  an  actual  loss  of  substance,  the  resulting  plant,  if 
dried,  weighing  less  then  than  the  dry  seed  from  which  it  came. 
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In  a  dark  place,  then,  it  is  possible  for  a  seed  to  grow,  but  it  grows  in 
a  certain  way,  and  only  to  a  certain  extent.  Its  ateni  and  its  leaves  are 
of  a  sickly  yellowisli  hue:  Bxpositre  to  the  sunshine  soon  produces  a 
green  color  in  these  partBt  and  the  weight  of  the  plant  increases.  Growth 
in  darkness  leads  to  one  result,  and  growtli  in  the  sunshine  to  another. 

From  these  facts  it  therefort:  might  appear,  from  r  superficial  conaid- 
oration  of  the  thing,  that  the  developtneLit  of  a  plant  depends  PnrUaa  infer- 
on  two  distinct  conditioiia— an  innate  power  which  resides  efiMHi»f»GUiij 
in  the  gerni,  by  the  action  of  which  the  matters  pre\'iou3ly  ofaplnsiro 
stored  up  in  the  seed  by  tho  parent  plant  are  regrouped,  and  P*"''-'''* 
ao  arranged  as  to  constitute  a  new  organization  ;  but  this  power  docs  not 
extend  to  the  obtaining  of  new  material ;  it  is  oidy  a  power  of  arrange- 
ment— a  PLASTIC  POWEH,      "Whatever  new  material  is  tec[ulred  must  be" 
fumish'ed  by  a  totally  dlelinct  agency,  the  punhgJit;«Bnd  jnst  as  the 
plastic  power  can  not  collect,  tlie  sunlight  can  not  arrange.     J5ach  Laf 
its    own   Bphere   of  duty.     The   one  gives   the   Bubatance,  the   other 
moulds  it. 

Every  flowering  plant,  no  matter  how  liumble  it  may  be,  ia,  then,  a  rep- 
resentative of  the  action  of  these  double  inriuciices,  and,  when  Coiniiuiiipiioii 
properly  considered,  may  well  extend  the  views  we  ought  to  veluubk 
entertain  of  the  system  of  naiurc.  The  supplying  or  funiisii-  dpvii^pnwni. 
ing  agent,  the  light,  comes  from  a  star  which  ia  at  a  distance  of  fllmost  a 
hundred  millions  of  railca,  and  ia  the  pivot  of  all  the  planetary  motions. 
Without  lliia  extraneous,  this  foreign  forcCf  the  whole  surface  of  the  earth 
would  be  a  desolate  waste,  presenting  no  semblance  of  life.  The  leaf, 
the  flower,  the  bud,  the  stem,  the  root,  are  all  made  of  aubstance  that  has 
been  given  by  the  sun,  derived,  it  is  true,  from  one  of  the  conatitnents 
of  the  air,  but  forced  to  take  on  the  special  state  which  suits  the  needs 
of  the  plastic  power  by  that  distant  agent ;  and,  in  order  for  this  to  oc- 
cur, it  is  plain,  from  mechanical  considerations,  that  there  must  have  been 
an  expenditure  of  power,  or  of  the  acting  principle  itaeif,  for  light  can 
not  produce  these  efiects  without  losing  its  own  peculiar  fonn,  l^or  the 
decomposition  of  a  given  weight  of  carbonic  acid,  and  the  formation  of  a 
given  weight  of  gum,  n  fixed  and  invariable  quantity  of  light  ia  required^ , 
just  as  it  is  necessary,  in  moving  a  mass  of  a  certain  weight,  to  expend  an 
equivalent  and  definite  force,  so  the  substance  of  which  plant-organs  con- 
sist has  been  brought  into  an  available  state  by  the  conaumplion  of  a 
definite  quantity  of  light— perhaps  its  incorporation,  under  some  other 
fonn,  in  the  resulting  mass.  It  may  be  pent  up  and  imprisoned  in  the 
urganic  structure  for  any  imaginable  time,  even  for  centuries,  but  is  ever 
ready  to  resume  its  primitive  state  when  favorable  circumstances  exist. 
The  coal-lields  which  furnish  us  witli  fuel  are  the  remains  of  primeval 
foreats  which  grew  in  the  nltra-tropicfll  climate  of  the  secondary  times. 
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and  the  light  and  lieat  we  derive  from  them  are  the  same  that  came  item 
the  swi  in  those  ancient  days. 

If,  theoj  our  eartli  does  not  possess  in  herself  the  power  of  sustaining 
htbepiMiic  ^^^  varied  forma  of  vegetable  life,  but  borrows  it  from  lui  ex- 
i)owerfluni-  traiieoiia  souTce ;  if  lielit,  in  producine  these  tffects.  never 
fowd  uirpnt  uudergocs  destruction,  but  Only  raodih^a  its  state — lot  nei- 
like  ihi!  alter?  ^j,gj  force  nor  matter  can  be  anniliilated,  though  they  maybe 
changed — what  shall  we  say  of  the  plastic  power  which  we  have  thus 
assumed  to  reside  in  the  germ,  the  co-worker  with  the  luminous  agent"? 
Does  their  partnership  in  action  indicate  a  resemblance  in  position  or  fu- 
ture ?  If  the  one  conaist-s  of  motion  arising  in  an  etliereal,  intangible,  and 
weightless  medium,  diffused  througliout  the  universe,  maywe  suppose 
tLat  ibe  otlier  is  the  mahife station  of  a  similarly  difl'used  principle? 
There  is  no  necessity,  as  many  have  thought,  to  impute  to  the  first-crea- 
ted germ  a  formative  power  for  all  its  successors,  as  though  whatever 
force  or  quahtiea  they  posseas  were  originally  concentrated  and  incladed 
in  it.  It  is  possible  that  countless  millions  of  organic  being?,  may  have 
originated  from  one  primordial  germ,  just  as  we  see  an  extcnaive  confla- 
gration originating  from  a  single  ajjark. 

That  Such  a  plastic  principle  ^ixists  baa  long  been  admitted  by  philos- 
ophers, both  speculative  and  experimental.  It  is  a  doctrine  which  ficema 
to  have  arisen  in  the  ini'ancy  of  human  knowledge,  and  is  to  be  met  with 
in  almost  all  the  old  Asiatic  and  European  systems.  The  Arclieus  and 
soul  of  the  world  of  the  alchemists  were  only  the  reproduction  of  a  veiy 
ancient  idea.  The  terra  "vital  spark"  was  once  Kometliing  more  tliaD 
a  mere  metaphorical  expression ;  and,  indeed,  there  is  a  classic*  noble- 
ness in  the  thought  which  recognizes  a  universal  spirit  diffused  eveir 
where.  In  different  countries  and  by  different  authors,  line  nature  and 
function  of  this  principle  are  variously  represented ;  imperfect  con>ce|>- 
tions  of  what  is  so  significantly  but  briefly  set  forth  in  the  opening  wordR 
of  the  Sacred  Scriptures,  which  plaijily  recognize  the  true  conditions  tm- 
dcr  which  all  vegetable  organisms  arose — formless  matter,  the  sunlight, 
and  a  brooding  spirit. 

I  shall  continue  to  speak  of  this  principle  under  the  designation  of  the 
plastic  power,  because  that  expression  points  out  aptly  tlie  iunction  dis- 
charged, and  to  assume  that  all  those  organisms  which  possess  the  qual- 
ity of  converting  inorganic  bodies  into  organic  atnicturea  do  so  under  the 
double  inJBucnce  of  light  and  of  this  interior  principle.     ThiSf  of  course, 

*  Principio  dftlum,  al'  lerras,  Cflmposqje^  lifiuentea 

Lucencemfiue  plobum  Lunir,  Tiuuiinque  aslra 
Sfiiritu^  iniu^  alii,  totamquc  infuiia  per  onus 
Mcae  nicUn<  molmn  et  ma^o  sc  I'orpurc  mbcet. 
Iijile  liomiiiiim  pgcii4«mqiici  scii'i*i 'ilicque  ;  Tolni)miD, 
£t  qiuc  mamiprea  fen  monGUv  sab  OMiuure  }H>ntUH. — Vuui.  Msi.,  I.  %-■..  7S 
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inciuUca  nearly  all  vegetable  fomis,  for  we  may  leave  oat  of  coneidcra- 
tion  tiie  fungi,  a  group  which  stands  intermediately  between  plants  and 
animals.  The  distinctive  character  of  a  plant  is  to  form,  from  caibonic 
acid  of  the  air,  solid  organic  BtroctureB.  The  disticictivc  character  of  an 
animal  ia,  by  the  oxidizing  processes  going  on  in  it,  to  restore  the  or- 
ganic bodie3  which  have  served  it  as  food  to  their  original  formless  state. 
The  group  referred  to  differs  from  (rue  plants  in  feeding  on  matter  al- 
ready organized,  and  breathing  like  aniraalB.  It  therefore  docs  not  re- 
quire the  influence  of  light  to  collect  material  for  it,  and  bring  it  to  thu 
proper  state.  In  the  developnuent  of  this  group  the  plastic  principle  is 
alone  concerned. 

Since  the  sunlight  is  composed  of  many  differently  colored  ray&  and 
different  principles,  it  becomes  an  interesting  inquiry  whifh 
of  these  is  the  immediate  agent  in  ministering  to  the  nutri-  fen  nt  cuiomi 
tion  of  plants.  In  1843,  by  causing  plants  to  effect  the  de-  "J-"  ^'l'*!*''- 
composition  of  carbonic  acid  in  the  prismatic  sjjcctnun,  I  found  that  tbc 
yellow  ia  by  far  the  most  effective,  tiie  relative  power  of  the  various  col- 
ors being  as  follows : 


Yellow. 
Gi-ettij, 

RcJ, 


Bine, 

Indigft, 

Yiolei. 


My  experiments  on  the  production  of  hydrochloric  acid  by  the  direct 
union  of  chlorine  and  hydrogen  under  the  influence  of  light,  phenomcn*  <.r 
both  artiticial  and  aolar,  and  alao  on  the  decomposition  of  <iif  n'-iion  "f 
peroxalate  of  iron^  from  which  carbonic  acid  i»  readily  dtsen-  gf„„th  nf 
gaged,  conclusively  establish  the  fact  that  the  primary  con-  p'*^'"- 
dition  essential  for  the  chemical  action  of  light  is  the  absorption  of  eomc 
particular  ray.     If  the  physical  condition  of  substances  otiicrwise  easily 
decomposable  is  such  that  tliey  transmit  light  without  absorbing  any,  no 
ehemical  change  over  ensues  in  them,  and  the  same  condition  obtains  in 
cases  of  combination.     Thus  oxygen  and  iiyJrogen  can  not  be  made  to 
unite,  even  by  the  moat  intense  radiation,  because  neither  of  them  ex- 
ert any  absorptive  action ;  but  chlorine  and  hydrogen  unite  with  energy, 
because  the  chlorine  absorbs  the  indigo  ray. 

The  Bame  esperimenta  prove  that  the  amount  of  decomposition  or  oth- 
er work  done  by  light  is  always  proportional  to  its  quantity;  hence,  by 
the  aid  of  converging  mirrors  and  lenses,  cEiemical  changes  can  bo  ac- 
complished with  great  rapidity.  These  instriunenta,  however,  when  even 
of  the  largest  size,  are  unable  to  produce  any  other  effect  thnn  would  be 
brought  about  by  a  feebler  ray  if  applied  sufficiently  long.  The  great- 
ly increased  intenaity  of  light  which  they  can  present  does  not  enable  us 
either  to  bring  about  combination?  or  deccmpositions  of  substances  which 
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are  unacted  upon  by  raya  of  a  more  moderate  brilliancy,  for  Hie  genera] 
nUe  under  wbich  the  chemical  action  of  light  arcura  is,  the  amount  of 
chemical  change  is  as  the  quantity  of  light  absorbed. 

These  facts  are  of  importance  in  all  discussions  respecting  the  prim- 
itive formation  of  organic  matter  by  plants.  Guided  by  them,  wc  infer 
that,  tliough  vegetation  may  greatly  differ  in  its  luxuriance  in  different 
climatea  of  the  globe,  the  manner  of  action  of  the  light  is  always  the 
same.  Nothing  is  gained  under  the  brilliancy  of  the  tropical  skiea  be- 
yond a  shortening  of  tlte  time  Ter[uired  for  the  accomplishment  of  a  given 
amount  of  ■n-ork.  No  substances  are  tliere  decomposed,  even  in  the  or- 
ganisms  of  plants,  which  could  not  equally  well  be  decomposed  by  the 
feebler  light  of  more  temperate  climates,  only  in  these  it  would  demand 
more  time.  The  oils  and  other  Bubstances,  almost  or  quite  free  &oin 
oxygen,  which  abound  in  the  plants  of  the  torrid  zone,  are  not  excep- 
tions to,  but  illustrations  of,  the  doctrine  here  set  forth. 

It  is  proper  here  to  correct  tlie  statement  which  ia  usually  made  by 
It  ii  not  the  vegetable  physiologists,  that  the  decomposition  of  carbonic 
gTwn  pans  of  a^id  by  plants  is  accomplished  bv  their  sreen  parts.     A 

iilaiLU  wilii!;]i         ,  1.,,  1  .,         v-i,  1.,. 

•leewmiKHwc&r-  plant  whicli  Iins  been  etiolated,  or,  indeed,  one  which  ha^ 
Ionic  Mid.  ]2«en  raised  from  a  seed  in  total  darknesa,  when  brought  into 
the  sunshine,  decomposes  carbonic  acid,  liberates  oxygen,  and  its  pale 
and  sickly  leaves  presently  turn  green.  This,  therefore,  demonstrales 
that  the  green  portions  are  not  the  seat  nor  the  origin  of  the  decomposi- 
tion, but  are:,  properly  speaking,  its  effect. 

TliUflf  under  the  influence  of  sunshine,  the  leaves  of  plants  decompose 
Platiu  liberate  cai^bonic  acid,  liberate  its  oxygen,  which,  for  the  most  part, 
uTj^n.  escapes  into  the  atmospheTe,  the  amount  of  gas  decomposed 

depending  primarily  on  tho  quantity  of  light  supplied,  and  thei^ore, 
among  otlier  conditions,  on  the  surface  of  exposure  of  the  leaves,  and 
not  upon  their  thickness  or  mass.  But  I  found,  on  an  examination  of 
the  gas  thus  evolved,  that  it  is  never  pure  oxygen,  but  always  contains 
a,  certain  though  variable  proportion  of  nitrogen.  From  this  it  follows 
that  a  part  of  the  oxygen  appertaining  to  the  carbonic  acid  is  appropri' 
ated  for  the  uses  of  the  plant. 

Such,  in  a  general  way,  ia  what  takes  place  in  the  daytime,  but  at 
night  the  process  is  to  a  certain  degree  inverted,  a  plant  absorbing  oxy- 
gen from  the  air,  and  jaekling  carbonic  acid.  The  esplanation  which 
Liebig  offers  of  this  state  of  things  is  doubtless  correct,  that  the  evolu- 
tion of  carbonic  actd  is  a  purely  physical  process,  and  the  absorption  of 
oxygen  due  to  the  chemical  action  of  the  various  deoxidized  bodies 
which  have  been  accumulating  during  the  day. 

As  respects  the  sources  from  which  the  various  constituents  of  the 
plant  organism  are  derived,  they  are  sufficiently  obvious.     The  carbon 
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may  doubtlcBaa  be  entirely  attributed  to  carbonic  acid,  ob-  sources  from 
tained  either  directly  from  the  atmosphere  or  fumiahcd  by  which  the  tan- 
ihe  gradual  decay  of  humus  in  the  soil.     For  the  hydrogen  ^'I'l'l^s"  o™  tie. 
a  double  source  may  be  assigned — water  and  arnmonla.  "^^-J'   f^f'-nir- 
The  abundant  occurrence  of  renins,  oils,  fate,  in  whicb  this 
element  preponderates,  conclusively  establLsUes  the  fact  that        *"  ™ssn. 
the  supply  of  ammonia,  as  indicated  by  the  mtrogenized  couipounda 
whicli  have  been  formed,  ia  iuBufficient  to  account  for  the  quantity  of  hy- 
drogen,  and  for  which  there  would  appear  no  other  source  than  water; 
and  though  the  most  brilliant  light,  even  though  concentrated  by  a  pow- 
erful buming-giaaa,  can  not  alone  effect  the  decomposition  of  this  liquid, 
there  will  be  no  difficulty  in  admitting  that  such  a  decomposition  does 
take  place,  when  we  recall  that  carbon  is  being  presented  in  what  might 
be  termed  Its  nascent  state. 

Of  the  nitrogen  necessary  for  the  formation  of  the  protein  bodies  of 
planta,  it  ia  generally  concluded  that  ainmonia  ia  the  only 
source,  and  that  these  organisms  do  not  directly  obtain  that 
element  from  the  atmospheric  air;  moreover^  it  occurs  apparently  to  a 
sufficient  extent  in  their  aap,  having  been  introduced  by  absorption 
through  the  roots.  As  essential  to  the  production  of  the  same  group 
of  bodies,  the  pi'Otein  substances,  both  sulphur  and  phosphorus  are  in- 
troduced through  the  same  cliannel,  from  tlie  soil,  as  sui-  ofsuiphwaua 
phatea  and  piiospliates,  whidi  undergo  deconipoaition  and  phosiiUonu. 
deosidation  within  the  organisTOj  ao  as  to  yield  the  sidphur  and  phoa- 
phorus  in  an  unoxidized  state. 

Wo  can  not  overlook  the  saline  substances,  or  mineral  bodies,  which 
occur  in  different  parta  of  plants,  and  which  obviouely  are  or  mUm  mU 
absolutely  essential  to  their  constitution.  The  circumstance  »'««''"■ 
that,  in  any  given  plant,  they  are  found  fixed  in  their  nature,  definite  in 
their  quantity,  and  deposited  in  determinate  regions,  is  aufRcient  to  es- 
tablish that  conclusion.  An  13  very  well  known,  we  can  not  judge  of 
their  nature  or  condition  during  the  life  of  the  plant  from  the  aspect  they 
present  when  its  ash  is  examined.  Thus  those  which  have  been  exist- 
ing as  neutral  or  .icid  salts  of  organic  acids  must  appear  in  the  ash  aa 
carbonates ;  and  though  it  has  been  established  that  bafiic  and  mineral 
substances  generally  wiU  to  some  degree  replace  one  anotlier — nay,  that 
even  the  plant  itself,  by  generating  vegetable  alkaloids,  may  dispense 
with  bases  of  the  mineral  kind,  the  extent  to  which  this  can  be  carried 
ia  aa  yet  undetermined.  The  occurrence  of  aulphatea  and  phosphates 
in  the  leaves  and  seeds,  and  wherever  organic  activity  liaa  to  be  dis- 
playedj  and  protein  bodies  are  found,  ia  sufficient  to  establish  a  con- 
nection between  those  substances  and  the  neutial  nitrogenized  bodies, 
though  of  the  manner  in  which,  from  carbonic  acid,  water,  ammonia, 


ACTIOS  OP   PLANTS   ON  THE    AIE. 


Bulpliates,  and  plioapliates,  those  bodies  are  formed,  we  are  as  yet  alto- 
getber  ignorant. 

Bj  some  clieniiats  it  has  been  supposed  that  the  decompoaition  of  car- 
Thn  [iccompo.  bonic  scid  hy  phinta  in  the  sunshine  is  not  instantaneously 
sition  of  enr-  complete,  but  that  a  pp*adiuil  process  of  reduction  takes  nlaw, 
iiotpartLa],  ijiit  tuB  caTDon  losuig'  oy  utUe  aim  little  its  osygen^  but  never, 
^■"*'-  perhaps,  losing  it  all.     ily  own  experiments,  previously  ai- 

luded  to,  which  show  tliut  the  quantity  of  oxygen  set  free  ia  never  quite 
eijual  to  that  of  the  carbonic  acid  consumed,  liave  been  ueed  iji  support 
of  this  view.  But  this,  I  thinks  ia  an  interpretation  which  they  will 
scarcely  bear.  There  are  many  facts  connected  with  the  chemical  action 
of  light  which  might  be  cited  as  offering  abundant  proof  that  the  decota- 
position  in  question  is,  on  the  contrary,  inatantaueous  and  complete,  and 
in  tltat  I  am  led  to  believe  really  conaistB  the  primary  function  of  the 
light,  the  carbon  thus  obtained  being  subsequently  employed  in  accom- 
plishing the  decompoaition  of  water,  and  other  processes  of  reduction 
known  to  go  on  in  the  vegetable  organiBra,  but  with  which,  under  tho 
cJicuniBtances  of  the  case,  it  is  impossible  that  the  sunlight  should  be  di- 
rectly concerned.  I  separate  as  distinct  factors  in  the  life  of  a  plant 
the  obtaining  of  carbon  from  the  air,  which  \s  accomplished  by  the  influ- 
ence of  an  external  agent,  and  the  moulding  or  modifying  it  with  olJier 
ingredients  into  organized  material,  which  we  have  thus  far  imputed  to  a 
plastic  power  in  the  plant  itself^  and  respecting  which  more  will  be  pres- 
ently said.  Free  carbon  once  obtained,  we  can  easily  conceive  tliat  all 
other  operations  of  rcy:luclion  may  follow,  and  that  this  division  of  the 
action  of  plants  intotivo  distinct  stages  or  factors,  as  we  have  just  term- 
ed them,  is  not  a  mere  speculation,  but  represents  what  in  reality  occurs, 
wiU  perhaps  be  admitted  on  recalling  what  has  been  remarked  on  growtli 
in  the  sunshine  and  in  darkness  i-espectively. 

■  Aa  a  summary  of  the  action  of  vegetation  on  the  air,  it  is  on  all  handn 
Summarj'  vf  iidniittcd  that  plants  tend,  by  the  removal  of  carbonic  acitl 
uUn(»'«i''iTiij  therefitim  and  the  return  of  oxygen  thereto,  to  compensate  for 
auno3[iiierc.  the  disturbance  occasioned  by  animals^  which  is  to  the  oppo- 
site effect.  In  tliia  way,  through  very  many  centuries,  the  same  percent- 
age constitution  of  the  atmosphere  is  maintained,  the  sum  total  of  veg- 
etable being  automatically  adjusted  to  the  sum  total  of  animal  life ;  auto- 
matically, and  not  by  any  interference  of  Providence ;  for  if  we  adtnil. 
what  has  been  conclusively  established  by  direct  experiment,  that  plants 
would  grow  more  luxuriantly  in  an  atmosphere  somewhat  richer  in  car^ 
bonjc  acid  than  the  existing  one,  wc  may  sec  how  upon  this  condition  de- 
pends a  principle  of  conservation,  which  must  forever  retain  the  air  at  its 
preMHt  constitution,  no  matter  ]ww  animal  life  may  vary.  The  proofe 
itiat  are  eometimes  offexed  that  there  has  Iteen  no  change  In  this  respect 
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for  at  least  2000  jeara,  and  which  are  drawn  from  an  examination  of  tlie 
aerial  contents  of  vesBels  said  to  have  been  obtained  from  Pompeii  or 
HerculaneuTTit  are  of  very  little  account.  We  have  only  to  recollect  how 
easily  diffusion  takes  place  through  crevices,  and  even  almost  invisibfe 
porea.  But  there  are  proofs  of  a  far  liigher  order,  and  of  a  mucli  more 
general  kind,  which  might  he  brought  iorward,  if  this  were  the  proper 
place,  ealablishing  beyond  all  possibility  of  contradiction  the  tact  that  in 
a  slow  manner,  through  countless  ages,  the  constitution  of  tlie  atmosphere 
has  changed,  and  that  now,  through  the  operation  of  conditions  wliicb 
have  spontaneously  arisen,  it  has  come  into  a  condition  of  apparent 
equilibriura. 

When,  therefore,  a  seed  is  placed  in  the  ground  in  the  warm  season  of 
the  year,  the  germ  it  contains  develops,  and,  after  a  few  days,  makes  its 
appearance  as  a  young  plant  at  the  surface.  If  the  growing  atrueture  is 
examined  during  its  passage  through  the  soil,  it  presents  a  pale  yellow- 
ish aspect,  whicli  is  exchanged  for  a  bright  green  lint  a^  soon  as  it 
escapes  from  its  coniinement,  and  unfolds  itself  to  the  sutdight  and  the  air. 

From  the  first  moment,  until  the  green  color  is  assumed,  the  young 
plant  is  nourished,  as  we  liave  seen,  at  the  expense  of  the  .  .  ,,(.i.  ,_j 
seed.  In  anticipation  of  this,  the  parent  had  laid  up  a  stock  adult  lif»  of 
of  nutritive  matcriab  On  this  the  embryo  draws,  consuming  ^'  ""*' 
a  part  in  the  support  of  its  Htc,  and  incorporating  the  residue  in  ita 
structure ;  but  as  soon  as  the  surface  of  the  soil  is  gained,  this  life  of  de- 
pendence ends ;  the  plant  weans  itself,  and,  abandonmg  its  temporary 
support,  commences  to  collect  from  the  air  and  the  earth  the  maleriats  of 
which  it  is  to  consist.  Its  infantile  seed-life  has  closed;  its  independ- 
ent aerial  life  has  begun. 

In  tills  aerial  hfe,  which  is  the  mode  of  existence  destined  to  continue 
until  absolute  death  occurs,  the  two  essential  conditions  to  smHinBrv  of 
which  wo  have  drawn  attention  are  recognized,  There  must  tho  loiniidons 
be  a  steady  supply  of  materia!  for  the  building  up  of  the  "  *^^^ 
growing  structures,  and  this  has  to  be  derived  from  external  sourcts. 
There  must  also  be  a  capability  of  so  grouping  or  moulding  the  material 
thus  acquired  that  the  various  parts  that  arc  wanted — leaves  or  fruits, 
Bowers  or  tliorns,  may  be  made. 

The  manner  in  which  these  conditions  are  satisHed  presents  to  a  re- 
flecting mind  one  of  the  most  wonderful  examples  of  the  system  of  na- 
ture. We  have  already  shown  that  the  power  of  moulding  and  group- 
ing is  inherent  in  the  plant.  In  virtue  of  thl^,  while  it  was  yet  in  the 
ground,  and  therefore  in  tin?  dark,  the  getm  could  put  up  its  stem  and 
fasliion  its  imperfect  leaves,  but  it  tlid  not  possess  any  power  to  gather 
nourishment  beyond  that  which  was  stored  up  in  the  seed,  and  iiad  that 
stock  been  exhausted  before  it  reached  the  sur&ce,  it  must  have  died. 
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We  have  also  shown  tliat  the  suijply  of  new  nialcrial  is  always  fur- 
DiBhed  by  the  sun.  In  the  absence  of  hia  rays  the  plant  may  organize, 
but  can  not  increase,  and,  indeect,  it  was  to  the  influence  of  light  that  the 
green  color  of  the  first  leaflets  was  due.  All  the  day  long,  and  with  tlie 
more  activity  as  the  day  is  brighter,  the  leaves,  which  are  the  collecting 
organs,  are  absorbing  material  trom  the  air ;  they  cease  to  do  it  at  night. 
The  sunbKim  enables  them  to  take  iroiii  the  air  carbon,  hydrogen,  and 
nitrogen.     They  feed  by  day  and  fast  at  night. 

Astronomera  say  that  the  ami  ia  the  moat  aablime  object  the  eye  of 
man  can  contemplate.  They  epeak  of  hia  prodigioua  maas,  and  describe 
how  he  compels  the  planets  to  move  in  obedient  circles  around  him.  To 
the  physiologist  he  ia  not  less  sublime.  The  most  insignilicarit  moss 
that  groivs  on  the  wall  was  called  into  existence  by  his  heat,  and  is  daily 
fed  by  his  light.     The  sunbeam  is  the  finger  of  God. 

The  nutrition  of  plants  is  therefore  dependent  on  physical  causes. 
The  carbonic  acid  required  being  brought  to  Ibem  by  aerial  ciin-cnts,  oc- 
casioned partly  by  the  warming  influence  of  the  sun  on  their  leaves  and 
partly  by  the  winda,  the  tendency  of  gasea  to  difliise  into  one  anollier 
aids  in  producing  the  same  result.  In  this  manner,  as  they  exhaust  the 
flUTTOunding  air,  fresh  quantities  are  supplied,  the  separation  of  carbon 
from  it  being  brought  about  by  the  agency  of  the  yellow  rays.  The 
leaves, also,  aometimes  follow  the  motion  of  tlie  sun,  or  present  themaelves 
in  tlie  moat  favorable  position  under  the  influence  of  the  indigo  raya. 

The  water  requisite  is  obtained  from  the  soil  by  the  spongioles  of  the 
roots.  With  it  there  are  cjirricd  into  the  interior  of  the  plant  the  saline 
and  inorganic  subatancea  necessary  for  its  structure.  These,  since  ihey 
are  often  of  sparing  solubility  in  water,  will  require  large  quantities  of 
that  hquid  to  effect  their  introduction  to  a  proper  amount.  During  the 
course  of  a  summer  there  may  pass  through  the  system  of  the  plant 
perhaps  many  hundred  times  its  weight  of  water — a  prodigious  amount 
when  Ihe  pbenonieiion  is  considered  on  the  great  scale. 

Ouvier  speaks  of  the  inferior  organisms  as  furnishing  us  with  a  series 
p  ,  ,.      ,       of  esperiments  made  by  the  hand  of  Nature,  rn  idea  r>ftcii 

TtelBiiqa  of  or-  "  _    -^  ,  ' 

^Miems  w  quoted  and  often  admired,  but  which  is,  perhnps,  scarcely  eon- 
"c  o  cr.  siBtent  with  enlarged  conceptions  of  the  system  of  the  world. 
An  orgnniam,  no  matter  how  high  or  low,  ia  not  in  an  attitude  of  isola- 
tion. It  is  connected  by  intiitsate  bonds  with  those  above  and  those  be- 
aeath.  It  is  no  product  of  an  experimental  attempt,  which,  either  on  the 
part  of  Nature  or  otherwise,  has  ended  in  failure  or  only  partial  succeap. 
Til.:  organic  seriea^ — an  expression  which  is  full  of  signiticance  and  full 
of  truth,  for  it  implies  the  interconnection  of  all  organic  forma — the  or- 
ganic series  ia  not  tEie  result  of  numberless  creative  blunders,  abortive  at- 
tempts, or  &caks  of  Nature.     It  presents  a  far  nobler  aspect.      Even^ 
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member  of  it,  even  tlie  humblest  plant,  is  perfect  in  itself,  r'rora  a.  com- 
mon origin,  a  Himple  cell,  all  have  arisen:  there  ia  no  perceptible  micro- 
scopic difference  bctwcf^n  the  primorilial  vesicle  which  ia  to  produce  the 
lowest  plant,  and  that  which  is  to  produce  the  highest ;  but  the  one,  un- 
der the  favoring  circumstances  to  which  it  has  been  exposed,  has  contiu- 
ued  in  the  march  of  devqlopnient,  the  career  of  the  other  has  been  slop- 
ped at  an  earlier  point.  The  organic  aspect  at  last  assumed  Ti.e  fonni  uf 
ia  the  strict  representation  of  the  physical  Mcencies  which  have  orgnnlEation 

1TT11  P  -11  de(,cndoii 

been  at  work,  xiad  tbcise  tor  any  reason  varied,  that  vana-  physical 
tion  would  at  once  have  beeii  expressed  in  the  resulting  form,  »b*"*'- 
which  is,  theretbre,  actually  a  geometrical  embodiment  of  the  antecedent 
physical  conditions.  For  what  reason  ia  an  offspring  like  its  parent, 
except  that  it  has  been  exposed,  during  development,  to  the  same  condi- 
tions as  was  its  parent  ?  Cotnpnmtivc  physiology  is  not  a  fortuitons  col- 
lection of  experiments.  Our  noblest  conception  of  it  is  the  conception 
we  have  of  analytical  geometry,  and,  speaking  in  mathematical  language, 
each  member  of  the  organic  series  is  an  embodied  result  of  a  discuesion 
of  the  equation  of  life  for  one  special  case.  Nay,  1  would  present  the 
whole  system  of  Nature  as  includeil  in  the  same  idea.  The  inorganic 
and  lifeless  combinaliona  which  arc  all  around  ua  are,  to  my  niind^  in 
truth,  in  that  equation  of  life,  the  analogues  of  the  imaginary  solutions  of 
the  calculus. 

It  was  a  felicitous  thought  of  Descartes  that  we  may  represent  a  geo- 
metrical form  in  an  algebraical  equation,  and,  by  the  proper  ,,,  .  . 
consideration  and  discussion  of  such  an  expression,  determ-  ihei>-!mionof 
ine  and  delineate  ail  the  peculiarities  of  such  a  form;  that  here  ^grl'^'j^  f"™ 
it  should  become  concave  and  there  convex,  here  it  should  mmiyikaige- 
run  out  to  intinityt  there  have  a  cusp.  The  equation  determ-  '*'"^'^' 
inea  all  the  peculiarities  of  the  form,  and  ensbles  us  to  construct  it.  Bat 
if  the  original  conditions  are  inconsistent  with  one  another,  the  construc- 
tion can  not  be  fulfilled,  it  having  become  impossible.  In  the  same  man- 
ner aro  all  living  and  lifeless  forms  related :  an  ina'ease  in  the  value  of 
one  condition  carries  development  forward  in  one  direction,  and  increase 
in  the  value  of  another  condition  determines  development  in  another  way, 
and  these  variations  give  rise  in  their  succession  to  the  whole  organic 
aeries.  But  in  these,  as  in  the  other  case,  if  inconsistent  conditions  have 
existed,  their  presence  13  indicate<l  in  the  resulting  solution,  which  can 
not  be  constructed  as  an  organic  form^  but  is  represented  as  a  lifeless 
mass. 

"God  ever  geomctrizea,"  and,  it  might  be  added,  ever  materializes. 
Kvery  organism  is  the  result  of  the  development  of  a  vesicle  under  given 
conditions,  carried  nut  into  material  execution.  It  is  the  incarnation,  the 
embodiment,  the  lasting  register  of  physical  influences;  for,  if  such  Ian- 
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guage  may  be  with  propriety  used,  the  consequences  of  tlie  action  of  nat- 
tiral  agents  do  not  remain  aa  a  barren  idea  in  the  creative  mind,  but  arc 
presented  as  a  material  and  tangible  result. 

Such  a  mathematical  conception  of  the  relations  of  the  various  forms 
around  ua  obliterates  at  once  the  line  of  demarcation  which  natural  his- 
tory hns  thtw  far  vainly  attempted  to  define  with  correctness  Ix^tweeti 
the  organic  and  inorganic  worldfl.  In  the  system  of  creation  no  sdcb 
boundary  cxiata  ;  neither  does  one  exist  between  the  vegetable  and  ani- 
mal gtoups.  On  every  form,  all  existing  inlluencea  have  exerted  their 
sway:  gravitation,  heat,  electricity ;  the  result  ia  the  issue  of  Uieir  action. 
The  shafie  of  any  great  mountain  ia  thus  the  record  of  every  thing  tlmt 
haa  affected  its  muds  ainuc  it  was  iirat  uplifted.  lis  ancient  peaks  are 
the  register  of  every  aumnier's  sun,  every  frost,  every  falling  rain,  every 
lightning  stroke.  It  ia  what  it  is  because  of  them  ;  and  so  also  of  the 
lichen  which  untblda  itself  on  some  favorable  spot  on  the  rock.  AVould 
it  be  tJiere  at  all,  or  would  it  Iiave  the  special  aspect  it  prescrtls,  it"  there 
was  not  a  due  proportion  of  sunsliinc,  a  proper  supply  of  moisture,  a 
suitable  temperature  ?  It  is  such  conditions  which  have  called  it  fonh. 
It  is  what  it  is  because  of  thcni.  In  this  respect,  between  the  inorganic 
and  organie,  there  is  no  diAercnce. 

The  preceding  elementary  examination  of  the  circnuistnnces  under 
CmTcciinii  of  which  plants  grow  has  led  us  to  the  inference  that  in  their 
inl^cTow'-  ^^"^  tberc  resides  a  plastic  power  whose  function  it  is  to 
e»-  model  the  organic  matter,  as  it  is  furnished  by  the  sunlight, 

mto  definite  sliaj^es  or  organs.  "We  now  proceed  to  correct  the  concep- 
tion we  have  thua  formed,  and  to  show  that  it  is  more  philosophical  to 
decline  the  idea  of  an  afftmC  and  to  accept  that  of  a  cond'tiion. 

Perhaps  the  most  simple  method  of  illustrating  thia  idea  is  from  con- 
aiderations  connected  witli  the  individuality  of  the  organisms  winch  have 
thus  arisen-  Directujg  their  attention  to  planta^  botanists  have  occupied 
theniselves  in  endeavoring  to  detemiinc  what  is  the  attitude  in  which 
Cwui<[eT»tj(,ji9  they  stand.  They  have  tried  to  find  out  wherein  the  indi- 
ITdKiJiidilv''  ^i<iuaii^y  ^^  ^  plant  consists,  for  this  question  of  individual- 
ofjiiiiunt.  ity  lies  truly  at  the  basis  of  the  position  which  those  struc- 
tures occupy.  There  are  oaks  that  have  lasted  a  tliouaund  years,  but  an 
they  to  lie  regarded  as  individuals  that  are  a  thousand  years  old? 
not  such  a  tree  rather  like  a  natiorii  u  collection  or  colony  of  indivLdnal 
the  individuality  belonging  to  each  bud,  to  each  leaf  it  has  borne ;  for 
there  13  a  close  analogy,  if  not  an  absolute  identity,  between  the  process 
of  development  of  a  seed  in  the  ground  and  of  a  bud  upon  a  br.inch ; 
both  Imve  their  infantile,  both  their  aerial  life.  The  leaves  of  the  oak« 
which  expmd  in  the  spring,  fall  in  the  autumn.  Their  origin  and  du- 
ties are  connected  with  astronomical  events.     Eacli  annual  generation. 
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while  it  Ineted,  carried  forward  all  tlie  frinctions  of  the  treej  ag,  in  a  nsf- 
tion  that  may  have  endured  for  a  thousand  years,  each  generation,  of  meo 
hji3  bomc  its  pal  t  in  the  general  scheme,  and  made  provision  for  its  euc- 
ceaaors.  The  individuality  therefore  hes  not  in  the  tree,  but,  perhaps, 
aa  thus  far  considered,  ahould  be  referred  to  the  bud. 

But,  moreover,  wlien  wc  consider  the  modes  by  which  a  tree  may  be 
propagated,  as,  for  instance,  in  the  horticultural  proceseea  of  budding  or 
grafting,  our  views  of  thia  question  of  individuality  mnat  again  be  modi- 
fied. By  these  artificial  operationn  an  original  Rtoclc  may  be  multiplied 
again  and  again,  and  cflch  of  the  plants  so  arising  iaundiaringuEshable  from 
any  other  that  may  have  come  in  the  aamc  way.  Setting  aside  the  inci- 
dent:^! difference  that,  through  the  intervention  of  artificial  means,  the  bods 
Irom  wliich  two  such  plants  have  originated  have  been  brought  under  the 
condition  of  physical  independence  of  one  another,  tlie  one,  perhaps,  grow- 
ing in  America,  the  other  in  Europe,  ia  there  any  absolute  and  essentiaJ 
diAerence  betwcj^n  tbeni  more  than  there  would  have  been  bad  they  been 
permitted  to  remain  upon  the  parent  stock,  and  to  develop  themselves  into 
two  branches  thereof?  Such  facts  BuggcBt  to  us  that  individuality  doea 
not  belong  to  plants,  as  they  thus  present  thcmaclvos  to  us,  and  that 
perliiips  we  ougbt  to  assume  an  individuality  of  a  higher  Order — a  race 
individuality,  as  it  were.  In  this  manner,  aid  weeping  wiJlowa  hi  Europe 
and  in  America  are  one  individual,  because  they  have  all  been  derived 
from  one  original  imported  Uabyloiitan  stock ;  and  the  same  might  Ito 
said  of  every  one  of  our  cultivated  fruits.  But  of  these,  if  a  seed  be  plant- 
ed, the  general  aspect  of  the  resulting  growth  may  possibly  be  the  same 
as  that  derived  from  a  graft,  and  Iiow  shall  wc  then  make  a  distinction 
between  the  one  and  the  other?  for,  though  by  aeed  development  the 
plant  may  cliance  to  run  hack  to  a  wilder  fonn  or  to  produce  a  new  va- 
riety, this  result  is  by  no  means  absolutely  necessajy. 

From  similar  considerations,  aome  physiologists  liave  been  led  to  deny 
individuality  to  the  hud  and  the  seed,  and  to  refer  it  to  the  primary  ceU  j 
but  here,  again,  precisely  the  same  difficulties  are  encountered.  A  cell 
may  multiply  itself  by  tisanre  through  ita  nucleus,  aa  well  as  in  an  en- 
dogonouB  way ;  moreoverv  cells  arise  from  granular  material.  Individu- 
ality, therefore,  except  it  be  that  of  a  lower  order,  can  not  be  attributed 
to  them,  and  the  question  of  the  detemiination  of  it  restg  precisely  where 
we  found  it. 

In  truth,  ore  not  all  auch  discussions,  in  their  very  nature,  illusory,  so 
long  as  we  have  no  more  dL'finite  idea  of  the  term  indindu-  Tlip  iilc^a  of  in- 
alily  ?  If  n  natural  philosopher  were  to  occupy  himself  with  ijlLliklbieu, 
similar  discussions  respecting  the  Bame  of  a  lamp,  he  too,  pi"iw. 
doubtless,  would  be  led  to  precisely  the  sama  empty  conclusion.  He 
might  show  how,  in  such  a  flame,  there  ore  separate,  well-marked  re- 
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gions,  Bome  of  which  were  present  at  the  first  moment  of  its  existence, 
and  remain  to  its  end,  as,  for  example,  the  blue  portion  which  is  at  its 
under  part.  Ee  might  show  how  every  one  of  these  flames  ttnds  to  as- 
Bume  a  definite  or  determinate  form — conical,  for  iuatance — and  proceed 
to  argue  that  this  is  the  result  of  the  interactioii  of  external  causes^  as  thv 
passage  of  currenta  in  the  air,  and  some  interior  principle  or  power  pos- 
sessed by  the  flame  itself.  He  might  consider  how  that  from  one  flame 
another  can  be  kindled,  in  all  respects  like  its  parent  in  qualities  or 
ahape  ;  and  how,  in  succession,  from  one  original,  mj-riads  upon  myriads 
might  so  arise.  He  might  engage  hiinself  in  disquisitions  as  to  the  man- 
ner in  whiUi  such  an  extraordinary  result  is  to  be  ejLplained,  and  as  to 
the  source  to  which  lie  should  impute  with  exactness  the  origin  of  each 
of  these  independent  flames,  and  their  mutual  interrelation.  He  might 
inquire  if  the  force  which  each  poBsesse.s  waa  originally  contained  in  the 
original  flame,  and  how  it  came  to  give  it  forth  witiiout  loss  of  any  of  ita 
own  power^  He  might  also  amuse  himself  with  questions  of  iudi^-idu- 
alttyt  and,  in  doing  all  this,  it  would  be  no  more  than  piiyaiologists  have 
done  before.  Between  tlie  case  of  the  trees  and  flames,  of  which  we 
Lave  been  speaking,  it  h  not  difficult  to  sec  that  there  is  an  atialogy. 

Are  plants,  in  truth,  then,  nothing  more  than  temporary  atatea  through 
PlEHtt  are  op.  *l''''^li  material  substance  is  passing,  because  of  some  original 
sraLiuns,  not  physical  imprcv'ision  made  upon  it,  and  the  present  operation 
111  m  u  a-  of  external  circumstances  ?  Can  individuality  be  applied  to 
them  any  more  than  to  a  flame?  Instead  of  being  individuals,  are  they 
not  rattier  the  transitory  results  of  an  o(>eration? 

The  Ump,  which  we  have  been  using  as  an  illustratioti,  may  aeire  to 
Aq«Io'v  bo-  enlighten  our  path  a  little  farther.  In  the  infancy  of  chemiis- 
iwepQipUni  try,  it  might  have  been  said  of  it  that  it  possessed  a  bumijig 
■ud  9  ame.  pjj^gj.^  which  enabled  it  to  dispose  of  the  matter  with  whic^ 
it  was  fed,  just  as  we  say  of  a  plant,,  in  tlic  infancy  of  physiology,  that  it 
possesses  a  plastic  power,  which  groups  into  definite  forma  the  substance 
with  which  it  is  iiimished.  The  ao-called  burning  power  waa  derived 
from  another  flame,  in  all  respects  analogous  to  that  wiucb  manifests  it, 
and  is  nothing  more  than  an  extension  of  a  physical  operation,  the  tend- 
ency of  which,  so  far  from  being  to  check,  is  to  continue  as  long  as  the 
proper  material  is  furnished.  The  lighting  of  a  second  flame  is  esseo- 
tiaily  the  same  condition  as  the  continued  combustion  in  tlie  first.  The 
fact  of  separatenesa  changes  the  phenomenon  in  no  respect  whatever ;  the 
relation  of  two  separate  flames  is  the  same  as  that  of  two  diflerent  parts 
of  the  same  flame ;  and  so  the  derivation  of  a  plastic  power  by  a  plant 
frvm  its  ancestor  is  essentially  the  same  thing  as  the  manifestation  of  a 
similar  power  in  different  parts  of  its  own  system. 

Thou^^h  it  may  therefore  be  convenient  to  speak  hypothetically  <rf  this 
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principle  which  accomplishes  in  a  plant  the  groDping  of  its  parts  as  if  it 
were  an  agents  the  foregoing  illuatrationa  show  ua  that  all  tlie  fads  of  the 
case  are  equally  well  aatiBiied  on  the  supposition  that  it  is  the  continua- 
tion of  an  operatwn.  A  multitude  of  paraJJcl  instances  present  them- 
aelvefl.  In  tlio  making  of  leavened  bread,  all  the  phenomena  wo'uld  seem 
to  be  accounted  for  eithejf  ujjon  the  hypothesis  that  tiiej-e  resides  in  the 
leaven  or  ferment  an  a^ent,  whose  qualitj  it  \»  to  determine  a  specific 
change  in  the  flour,  or  that  there  ia  an  operation  which,  because  of  the 
chernicfll  vonditions  existing,  is  gradually  spreading,  and  which  wiU  not 
cease  until  all  the  infiterial  submitted  to  it  baa  been  affected,  and  this  nii 
matter  whether  it  be  in  the  same  mass  or  in  successive  portions.  Of 
such  hypotheses,  the  first  ia  merely  an  elemcntarj*  idea,  the  latter  in- 
volves a,  pkiloBophical  conccjition. 

In  this  way,  therefore,  the  ao-cfllled  pla&tic  power  of  a  cell  or  tlie  germ 
of  a  seed  may  be  regarded  as  the  continued  inanifoslation  u,n,Te  i>f  lUr 
of  an  antecedent  imprcBston  long  ago  made,  and  wbicii,  uii-  p'niij'-  po'wcr. 
der  the  existing  conditions,  has  no  liability  to  wear  out  or  die  awayj 
and  that  impression  may  have  been  purely  pbyaicaJ  in  its  nature. 

Viewed  in  this  attitude,  the  life  of  plants  is  a  physical  phenomenon. 
The  parts  of  whicli  they  are  composed  are  furnished  tO'  ilicm  The  life  of 
by  influences  of  a  mechanical  kind:  their  carbon  is  taken  by  plfJJ,'".^"  * 
a  true  chemical  decomposition  from  tlie  carbonic  acid  of  the  litenomenoii. 
air;  their  nitrogen  comea  from  ammonia  or  from  the  atmosphere.  Wa- 
ter is  drawn  by  capillary  attraction  from  the  ground.  In  virtue  of  its 
chemical  qualities,  it  carries  into  the  growing  system  the  various  saline 
bodies  present  in  the  soil,  and  which  are  needful  for  the  economy.  The 
sunligiit,  heat,  rain,  winds,  are  the  supplying  and  nurturing  powers,  and 
the  grouping  agencies  residing  in  l!ie  plant  are  of  tlie  same  mechanical 
derivation  or  order. 

The  germination  of  a  seed  and  the  growth  of  a  plant,  as  thus  consid- 
ered, show  us  to  what  an  extent  physical  forces  are  concerned  in  vege- 
table org'-inization.  The  conclusion  thus  indicated  is  enforced  in  no 
common  manner  when  we  direct  our  attention  to  the  series  instead  of  to 
a  single  plant.     This  is  what  I  propose  to  do  in  the  following  chapter. 
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CHAPTER  n. 

ON  THE  DIFLUENCE  OF  PHYSICAL  AGENTS  ON  THE  ORGANIC 

(J^tAi  GfOffraphg  ^ Fkatts :  tha-rhonstratcUandrrrtifallarabsatifM, — lujiuntrf  of  Btat  tm  m^- 

yrmit  Zjigrnfjutiom  irothernf  ami  Uofhimmal  Coudi/ioM. — Effrtlii  of  Variitiiinis  in  the  /Jttu- 

ily  Df  dit  Air,  Movturt,  Soil,  Stmiiyht,  Ltniftk  nf  Day. — D^nilr  Huatntirif  n/IItui  rtyjmred 

hj/  Piaats. 
Seoilar  I'trtwrbaliow  m  the  SfiKia  of  Plants. — Long  Periodt  of  Tmt  rt^red. — SrckJar  5«- 

tpifirtil  CfiangteM. 
Jnaeriit  Pmiilfnt  of  the  Inix^liyation  of  the  Karlh'*  ffUtory  Jtvm  Ht^Jit^l  Fiirra-——7\n  yrva 

txrTfjttriiil  Efiorlix;    Cltawfr  in  the    Gmxtttutitm  of  (Ae  Air,  and  fjocalixxitam  of  (hifitmtmt 

through  Dtclint  fif  the.  KiiTth't  lulmiiT  Htai. 
D^mvnoB  tewvan.  lArupt  and  gradtud  tmpmsimix, — InvarioLlf   OitiufM  may  prvduct    abn^if 

Cftki. 
Exttntion  of  the  ahaiy  Prinnjxks  to  the  Cute  of  Ammafs. — Owr  iifthf  larii  Indiant. 
GcKcral  Arfftimcnt  imppnFlrd  Irif  ihf  1-^iiiiictiija  of  Forms.— ijevrliipment  is  undtr  the  frtflmenct  qT 

Law: — Hiuiimenliiry  Orffaits  and  E^ix^^ea  o/'  UrDtit^innaL — Tht  Idea  of  Deerli^mmt  by 

Lav  roiutitlaa  with  natural  Factt. 

TuE  publication  of  Hl'MBOldt's  Essay  on  the  Geograpliy  of  Plants 
f.  , .    I     first  t'orraally  drew  the  attention  of  bolaoista  to  tlie  connec- 

distriJiuLion  of  tion,  betwecn  the  distribution  of  vegetables  and  the  dlstribu- 
panis.  ^j^j^  of  heat  on  the  surface  of  the  globe.     Starting  from  the 

equator  and  advancing  to  the  pole,  in  either  bemigphere,  the  mean  annual 
temperature  decUnea  aa  the  latitude  becomes  greater,  and  in  auccession  a 
aeriea  of  vcgetabic  zones,  merging  gradually  into  each  otlicr,  though  each, 
where  best  marked,  perfectly  distinguished  from  the  euceeeding,  is  encoun- 
tered. In  the  tropica  we  have  tlie  palms,  which  give  so  striking  a  charae- 
terislic  to  the  forests,  iht  broad-leaved  bananaa,  and  the  great  climbing 
plants,  which  throw  tliemsclves  from  stem  to  stem  like  the  rigging  of  a 
ship.  Next  follows  a  zone  described  as  that  of  evergreen  woods,  in  which 
the  orange  and  the  citron  come  to  perfection.  Beyond  ihig,  another  of 
deciduous  trees — the  oak,  th«  chestnut,  and  the  fruit-trees  with  which, 
in  this  climate,  we  are  so  well  acquainted,  and  here  tbe  great  climbers  of 
the  tropics  arc  replaced  by  the  hop  and  the  ivy.  Still  farther  advanc- 
ing, we  pass  through  a  belt  of  conifera — firs,  larches,  pines,  and  other 
needle-leaved  trees,  and  these,  leading  through  a  range  of  birches,  which 
become  more  and  more  atuuted,  introduce  us  to  a  region  of  mosses  and 
saxifrages,  but  which  at  length  hns  no  tree  nor  shrub;  and  finally,  m 
the  perpetual  polar  ices  are  reached,  the  red  enow-alga  is  the  last  trace 
of  Vegetable  organization. 

A  similar  series  of  facts  had  been  observed  by  Toumefort  in  an  ascent 
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of  Mount  Ararat.     He  found  that  the  dbtribution  of  the  veg-  y^  ^.^  ... 
etation  from  the  base  to  the  top  of  the  mountain  here  a  gen-  oibuiiun  or 
cral  resemblance  to  the  dbtribution  from  the  base  toward  the  p"""^- 
Arctic  regions.     These  factri  by  subsequent  observers  were  generalized, 
it  having  been  eatnblished  that  there  exists  an  an.iJogy  between  horizon- 
tal dktribution  on  the  surface  of  the  globe  and  vertical  distribution  at 
different  altitadea  above  the  level  of  the  aea.     Even  in  the  tropics,  if  a 
mountain  be  eufliciently  high,  a  very  short  ascent  sufficea  to  cany  us 
horn  the  charaeteriatic  endogenous  growtha  at  its  foot,  in  sHccession, 
tlirongh  a  zone  of  evergreens  into  one  of  deciduous  trees,  and  tliia,  again, 
into  one  of  conifers,  the  vegetnlion  declining  through  uiosbcs  aud  lichens 
as  we  reach  the  region  of  jjerpetual  anow. 

In  tlieac  two  cases  of  liorizontal  and  vertical  diatrilmtion  respcetively, 
which  tiius  present  such  a  striking  botanical  resemblance,  ni»(rii,uiioii 
there  is  likewise  so  dear  a  meteorological  analogy  that  it  is  rf3i««id*'ierBi- 
impossible  to  avoid  connng  to  the  conclusion  that  the  dis-  butLon  of 
trihutton  of  plants  depends  on  the  diatiibution  of  heat.  The  p'"""*- 
aame  climate  variation  encountered  on  a  surtace  journey  directed  from 
the  equator  towai'd  the  jiolei?  is  again  encountered  as  we  leave  the  foot 
of  a  tropical  mountain  and  go  toward  its  summit ;  for  it  ia  a  well-ascer- 
tained fact  that  the  temperature  of  the  atmosphere  declines  as  we  rise  to 
greater  altitudes,  and  tliat,  no  matter  how  liigh  the  ftummer  heat  may  be, 
wo  may,  by  a  vertical  ascent  at  any  locality,  come  to  a-  region  vvliere 
the  temperature  is  never  above  32'='  t'alir.,  and  wiiere  ice  and  snow,  there- 
iotv,  never  melt.  If,  in  any  locality,  the  motuitain  ranges  are  ofaufficient 
height  to  gain  that  region,  their  tops  will  he  covered  with  perpetual 
snow.  Tiie  vertical  ascent  thus  to  be  made  is  leas  as  the  latitude  is 
greater.  At  the  equator  it  is  15,200  feet,  and  at  the  eightieth  degree  it 
is  within  450  I'eet  of  the  ground.  Beyond  this,  the  surface  itself  is  per- 
petually frozen. 

Tlie  mca.n  temperature  of  a  place  determines  its  rentable  growth,  and 
hence  there  will  ever  be  a  resemblance  between  the  vegetation  of  places 
of  the  sanae  mean  temperature,  tliough  they  may  be  gec^raphicalty  very 
wide  apart.  But  this,  though  a  resemblance,  ia  very  far  from  being  an 
identity.  We  can  not  always  designate  by  name  tlie  particular  plants  of 
a  high  latitude  which  should  he  found  at  a  corresponding  elevation  in  the 
mountains  of  the  tropics.  There  may  be  the  general  resemblance  of 
wliich  we  have  been  speaking,  and  yet  the  genera  and  species  of  plants 
in  the  two  places  may  be  quite  distinct.      Htit  this  fact,  far  from  affecting 

kthe  truth  to  which  we  have  arrived  of  the  control  of  a  physical  agent 
ench  as  heat  over  the  distribution  of  plants,  leads  us  to  es-  ,  ..  , 

tend  it,  and  te-aches  \ia  that,  thuugli  we  might  expect,  in  uiUtr  pbj'Aiu&l 
places  far  apart,  identically  the  same  v^table  growths  if  '■^"  '**""'" 
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all  the  physical  conditions  were  identical^  yet,  since  heat  is  only  one  of 
tbeae  eonditiona,  it  alone  is  insufficient,  and  that  difference  in  the  press- 
ure of  the  air,  the  amouct  of  moisture,  the  q^uaiitity  of  carbonic  acid,  as 
also  variations  iu  the  constitution  of  the  soil,  mast  have  their  eifect.  In- 
ateadi  then,  of  limiting  our  views  to  the  control  of  tempeiature  over  the 
occurrence  of  jilants,  we  must  enlarge  them  io  such  a  way  as  to  include 
divers  other  influences,  gome  of  whi'uh  ore  those  just  mentioned,  and  all 
are  equally  of  a  phyeical  kind. 

This  therefore  hrings  before  ua,  in  an  impressive  manner,  the  »ul>ject  to 
which  this  chapter  is  devoted,  the  influence  of  physical  agents  generally 
Over  organization. 

That  the  conditions  of  temperatute  alone  are  insufficient  to  account  for 
the  occurrence  and  diairihution  of  plants  may  be  clearly  established  by 
the  aid  of  anotlier  Beriee  of  facts.  Throughout  the  old  continent,  with 
the  exception  of  its  torrid  zone,  from  the  south  of  Africa  to  the  north  of 
Enrope,  heaths  abound^  their  species  being  very  numerous  in  the  south- 
ern latitudes,  less  so  in  the  northern,  but  the  indinduals  increasing  in 
number  as  the  species  diminish.  At  the  extreme  north  the  common 
heather  remains  as  the  sole  representative  of  t!ie  wliolc  group,  and  so 
universally  covers  the  surface  as  to  ^vc  a  characteristic  feature  to  the 
landscape.  But  in  America,  which  reaches  through  all  corresponding 
degrees  of  latitude,  and  Jias  in  its  proper  localities  tije  same  mean  lem- 
jieraturea,  not  q  fiinglc  heath  ever  occurs.  Again,  in  the  New  World, 
tlirongh  forty  degreea  on  each  side  of  tlie  equator,  the  cactus  tribe  of  all 
Idnds  of  grotesque  forma  abounda,  but  in  Africa,  thougii  there  are  local* 
ities  of  corresponding  temperature,  not  a  single  cactus  is  to  Ift  seen.  The 
Spurges  there  make  their  appearance.  So,  again,  in  Australia,  tlie  forests 
prcucnt  a  melancholy  and  shadclcsa  character  from  their  leafless  casuari^ 
uas,  acaciaa,  and  eucalypti,  whereas,  if  temperature  alone  were  concern- 
ed,  they  should  offer  the  same  aspect  as  the  forests  of  North  America 
and  Europe. 

Restricting  our  examination  for  the  present  to  the  influence  of  lieat,  it 
inHnenco  of  may  he  observed  tliat  this  h  by  no  means  so  simple  as  might 
bfilu^a^id  win-  ^*  ^^^  appear.  Its  distribution  does  not  correspond  with 
teriaiaB,  the  latitude,  tlie  lines  of  equal  mean  temperature^  iaothermali 

lines,  not  coinciding  with  tlie  parallels  of  latitude.  If  we  e.xa«iinc  the 
zones  of  plant  distribution  just  described,  we  lind  that  they  follow  the 
Isothermal  lines  much  more  closely  than  the  latitudes ;  but  even  here, 
again,  there  are  very  great  deviations — deviations  which,  however,  are  to 
some  CKtent  understood  when  ttc  recall  that  it  is  not  so  mucli  with  the 
mean  annual  temperature  that  plants  are  concerned  aa  with  llie  special 
teniperatiire  of  particular  moments  of  the  year.  For  tlie  most  part  they 
arc  affected  by  the  heat  of  the  summer  season,  which  is  their  period  of 
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growth,  and  though  two  localilies  may  have  the  same  mean  annual  tem- 
peratLirc,  it  does  not  follow  that  their  maximum  of  cold  for  the  winter, 
and  their  maximum  of  heat  for  tlie  summer,  ahoulil  coincide.  It  wi^ 
such  consideraliona  that  led  to  the  construction  of  isotheral  lines,  or  those 
of  equal  summer  heat,  and  isochimcual  lines,  or  those  of  equal  winter 
cold. 

Into  the  causes  which  bring  about  lliia  difference  of  heat  distribution 
it  is  not  necessary  for  us  here  to  inquire  minutely.  They  CoMBMoftho 
are  very  various.  The  prevedent  winds  at  different  Beasons  {riiiuij^rf*^ 
of  tlie  year,  ocean  currents,  the  geologicad  structure  of  a  coun-  ^'""~ 
try,  even  what  might  he  termed  its  optical  qualities,  that  is,  its  power  of 
absorbing  tlie  rays  of  the  sun  (for  instance,  the  great  Desert  of  Sahara 
disturbs  the  temperature  of  all  Europe),  and  upon  liko  principles  must 
act  the  removal  of  cxttinaive  forests,  and  their  substitution  by  equivalent 
surfaces  of  cultivated,  differently  colored,  and  differently  absorbing  lands, 
elevation  above  the  sea  level,  for  the  higlier  the  country  the  lower  its 
temperature :  the^e,  and  a  multitude  of  other  such  conditions,  imjiress 
an  effect  upon  the  distribution  of  heat.  The  mean  annual  temperature 
represents  these  and  all  other  such  influences,  and  inctudes  all  the  variar 
tions,  diurnal  and  nocturnal,  monthly  and  seasonal,  for  the  year. 

The  organic  functions  of  a  plant  demand  particular  tera]>erature3  at 
particular  times.  There  Is,  doubtless,  a  spedul  degree  best  suited  to  the 
period  of  germination,  another  to  the  period  of  aerial  growth^  another  to 
the  period  of  fertUizulion,  and  another  to  that  of  ripening  the  seeds  ;  and 
these  degrees  differ  in  the  case  of  different  plants-  Where  the  require- 
ments become  so  complicated,  it  would  he  erroneous  to  expect  that  the 
mean  annual  temperature  should  satisfy  them  alh 

Connected  in  part  with  temperature,  and  in  part  with  elevation  above 
the  sen,  are  the  variations  in  the  density  of  the  air.  These  indncnecof^n- 
control,  to  a  certain  extent,  the  aerial  supply  to  plants,  the  riat'tms  in  tbe 
quantity  presented  to  their  leaves  ditouuslimg  as  the  density  nir— mouwre, 
becomes  less.  '"^- 

Tiie  same  observation  may  be  nmde  respecting  moisture,  which,  as  is 
very  well  known,  constitutes  one  of  the  most  intluentiid  conditions  in  de- 
termining the  growth  of  plants,  and  this  in  a  double  way,  either  as  va^ 
por  contained  in  the  air  or  as  rain.  The  effect  of  rain  in  this  respect  is 
twofold:  it  diminishes  the  quantity  of  atmospheric  carbonic  aeid  by 
e.^crting  over  it  a  solvent  power,  carrying  it  into  the  ground,  and  thereby 
reducing,  by  sometimes  as  much  as  one  half,  the  supply  on  which  the 
leaves  are  depending ;  it  also  brings  in  lai^r  quantities  to  the  interior 
of  the  plant  the  saline  constituents  of  the  soil  which  are  requisite  for  tis- 
sue development. 

To  variations  in  the  tem[>eratureT  tlie  density  of  the  air,  and  its  moiat- 
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Jnfltionce  of  "rCi  ^3  affecting  tbe  well-being  of  plants,  may  be  added  the 
the  soil.  chemical  conatitution  of  tlie  soil  upon  which  they  grow.  Lime- 
planta  can  nevet  be  clevelo|>ed  except  on  soila  iti  which  that  earth  abund- 
antly occurs,  and  tlie  same  may  be  said  ofpotagh  or  sqda  plant*,  or,  in 
short,  of  any  which  demand  some  special  mineral  ingredieDt.  Thus^  for 
instance,  the  salaolaa  and  salJcomias,  wliich  grow  abundantly  on  the  Ai- 
lantie  shores  of  France,  and  which  require  for  tlieir  development  the 
saline  ingredients  of  the  sea,  are  nowhere  to  he  Been  throughout  Centra] 
Europe,  though  they  reappear  on  the  salt  steppes  of  Russia,  and  abound 
around  thi;  Caspian^  We  should  scarcely  expect  that  sea-weeds,  into 
the  composition  of  which  bromine  and  iodine  abundantly  enter,  should 
ever  grow  in  waters  from  which  these  chemical  elements  arc  totally  ab- 
sent. Upon  these  principles,  the  vegetation  of  extensive  tracts  of  ooutt- 
try  has  undergone  a  change  in  an  artificial  way.  Tims,  for  instance,  in 
Virginia  and  other  Southern  States,  we  may  pass  for  miles  in  succcssioo 
tlu-ough  tracts  in  which  the  ancient  forcst-growtha  have  been  replaced 
by  the  Pinus  liudn,  or  old  tield  pine*  These  are  tracts  from  which  tbe 
potash  salts  have  been  removed,  to  a  great  extent,  by  the  culture  of  to- 
bacco. And  of  the  indigenous  treea^  this  pine  requires  the  smallest  pro- 
portion of  those  salts.  It  therefore  caa  floiuish  where  the  otbeis  can 
not  exist. 

From  what  has  been  said  in  the  last  eliapter,  it  may  be  inferred  that 
InfluptiM  ftf  among  the  various  conditions  thus  influencing  the  growth  of 
tho  euii'ii  Ufc'hL  ^  plantf  Done  are  of  greater  importance  than  the  amount  of 
light  furnished  to  it.  Through  this  agent  the  decomposition  of  carbonic 
field  is  ettcctcd,  and  the  plant  obtains  from  the  air  the  carbon  it  refiuires, 
out  of  which  its  solid  structures  are  for  the  most  part  built.  The  rapid- 
ity with  which  the  reduction  of  tlic  carbonic  acid  takes  place  depends 
upon  tlic  brilliancy  of  the  light,  jUid  the  amount  of  carbon  thu»  obtained 
upon  that  condition  and  the  time  of  cxposiue  conjointly.  The  amount  of 
hght  received  from  tlie  sun  in  any  locality  depends  in  a  general  way,  aa 
does  the  heat,  ujion  ilie  latitude;  but  in  both  cases  a  multitude  of  di.sturb- 
ing  agcndes  intervene.  Variations  of  mois.ture  control  the  supply  of  lighl 
by  permitting  a  translucency,  or  cstahliBhing  ils  opposite,  a  cloudiness  of 
murkincfls  of  the  air.  Other  meteorological  caupcs,  a.Si  for  example,  wind*, 
by  condensing  or  removing  moisture,  act  in  like  nianner;  so  ftlso  do  as- 
iMfluenfeof  tronomical  conditions,  especially  by  intlmencing  the  relative 
the iJOBiiionof  length  of  the  day  and  nicht;  for,  as  we  advance  toward  the 
UnRiii  oT  Ujl-  pole,  the  summer  sun  is  above  the  horizon  longer  and  longer. 
^"^^  In  Northern  Europe.during  the  month  of  June,  he  never  sets, 

but  remains  all  night,  if  night  If  can  be  called,  above  the  horizon ;  and. 
as  Berzeliua  well  remarks.  "Under  tlic  influenee  of  this  midnight  aun  of 
the  North,  the  life  of  plants  runs  through  the  same  cycle  of  change  in 
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six  weeks  whicli  it  takes  four  or  five  months  to  acconipltah  in  beautital 
Italy." 

Attempts  have  been  made  to  eatalilish  the  doctrine  that  every  plant 
requires,  froin  the  time  of  its  germination  to  the  close  of  its  Di-rmiie  quan. 
organic  acrivity,  a  definite  amount  of  heat.  The  IbUowing  {."f^d  by""^ 
examjile,  jn  the  case  of  barley,  is  furnished  by  Schleiden.  [iifitits 
'^Iii  Egypt,  on  the  banks  of  the  Nile,  barley  is  sown  at  the  end  of  No- 
vember, and  harvested  at  Ihe  end  of  February ;  the  period  of  vegetation, 
therefore,  amounts  to  about  90  days,  and  the  mcau  temircraturc  of  this 
season  is  (i9°  4S'.  In  Tuqueres,  near  to  Cumbal,  under  tlie  equator,  tiie 
time  of  sowing  in  the  mountaiiis  for  barley  is  about  the  Ist  of  June,  the 
time  of  liarvest  the  middle  of  November ;  the  mean  temperature  of  tliia 
vegetating  season  of  1G8  days  is  TjOo  12''.  At  iSanta  Fe  do  Bogota  they 
number  122  days  between  se^d-time  and  harvest,  with  a  mean  tetnpera^ 
tnre  of  57°  24''.  J£,  now,  the  number  of  days  is  niultiptied  by  the  figures 
of  the  mean  lemperatare,  we  obtain.  6282  for  Egypt,  ^433^^  for  Tuque- 
res,  for  Santa  Fe  (j48t)^g;  therctbrn  as  nearly  the  same  number  as  the 
uncertainty  in  the  eatiiuate  of  the  daya,  l!io  accurate  mean  temperature, 
and  (lie  want  of  knowledge  whether  or  not  the  same  kind  of  bai'ley  is 
cultivated  in  all  the  phiccn,  will  allow  U3  to  expect.  Similar  results  are 
obtained  for  wheat,  maize,  the  potato,  and  other  cultivated  plants.  We 
may  express  these  results  thus :  Every  cultivated  plant  requires  a  cer- 
tain quantity  of  heat  for  its  development,  but  it  is  the  same  tiling  wheth- 
er this  heat  is  distributed  over  a  shorter  or  longer  spaco  of  time,  so  that 
certain  limits  arc  not  exceeded;  for  where  the  mean  temperature  simka  be- 
low 36'='  24',  or  where  it  rises  above  71^  36',  barley  will  no  longer  ripen. 
Consequently,  to  define  accurately  the  eonditiona  of  temperature  which  a 
plant  requires  to  maiiifaiu  it  in  a  flotmshing  condition,  we  must  state 
within  what  limits  its  period  of  vegetation,  may  vary,  and  what  quantity 
of  heat  it  req^uirea.  This  most  remarkable  cireumatance  was  first  ob- 
served by  BouBgingault,  but,  unfortunately,  we  na  yet  possess  not  nearly 
sufficiently  accurate  accounts  of  the  conditions  of  culture  in  the  various 
regions  of  the  earth  to  enable  us  to  follow  out  tills  ingenious  view  in  all 
its  detaila." 

Respecting  the  calculations  ofiered  in  the  preceding  paragraph,  the  re- 
mark may  be  made  that  tjiey  contain  an  element  which  vi-  ti,p  pffuci  of 
tiatcs  then-  correctness,  and  that,  if  the  proper  data  were  re-  i'"*  'nicnsuy 
sorted  to,  the  general  pnnciple  intended  to  be  demonstrated  ofheat  cousU- 
would  be  fiir  more  clearly  established.  The  degrees  of  the  ^''^*''- 
thcrmonieter  are  not  the  data  required,  for  that  instrument  indicates  the 
intensity,  but  not  the  quantity  of  heat.  If  some  form  of  calorimeter  were 
substituted  for  it,  the  result  would  turn  out  very  differently.  As  an  illus- 
tration, if  a  mass  of  ice  of  constant  siuface  was  exposed  to  the  warmth  in 
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each  of  these  varioas  cases,  the  quantity  of  water  arising  frcnTa  its  melt- 
ing should  be  the  same  at  the  close  of  the  specified  number  of  daj^s.  In 
this  case  the  true  element  is  introduced — the  element  of  quantity,  as  ds- 
termined  hy  one  of  tlie  ordinary'  caloriinetric  methods. 

It  is  not,  however,  to  be  inierred  from  this  criticism  that  the  peculiar 
quality  of  heat  which  we  recognize  indifferently  by  the  terms  intensity, 
teraperature,  or  degree*  is  withont  signifitauce  in  the  cage  of  plants:  the 
limiting  maxima  and  minima  between  which  a  ^ven  plant  can  eadst 
prove  that  "txith  conditions  exert  an  influence,  though  tbey  esert  it  in  a 
different  way.  Doubtless  a  plant,  from  the  time  of  its  germination  to 
that  of  the  completion  of  its  organic  life,  must  Jiave  a  defijiite  quantity 
of  heat  measured  out  to  it,  but  its  organic  functions  might  be  fatally  in- 
terfered with  if  the  tempeiature  should  rise  above  a  limiting  oiaximum, 
or  sink  beneath  a  minimum. 

The  definite  quantity  of  heat  in  this  manner  demanded  by  each  plant 
id  probably  connected  with  a  purely  mechanical  effect — ^the  necessity  for 
the  evaporation  of  a  definite  quantity  of  water  by  the  leaves.  The  inor- 
ganic salt  substances  required  by  every  plant  are  introduced  through  its 
rool»  in  a  state  of  solution  in  water,  and,  since  these  salts  are  mostly  of 
sparing  solubility,  a  great  quantity  of  water  is  required  to  accomplish 
the  object.  Nevertheless,  they  are  dissolved  at  a  given  lieat-degree  in 
an  invariable  proportion  in  the  liquid,  and  are  required  by  the  plant  in  a 
determinale  projiortion  as  compared  with  its  mass ;  so  that,  were  there 
no  other  reason,  this  doubtless  would  be  aufficient  to  account  for  the  cir- 
cumstance under  consideration. 

It  shoidd  also  be  remembered  that  every  plant  generates  a  certain 
DisturiMiiicc  amount  of  heat,  which  varies  with  its  organic  condition  at  the 
ariBinifrmm  linie.  The  esperimenls  of  Proiessor  Paine  present  this  in  an 
lion  of  hctt  interesting  point  or  view,  i  lie  tollowing  extract  is  from  the 
in  t>Uot».      Medical  and  Pliysiological  Commentaries,  vol.  'ii.,  p.  75 : 

"On  the  9th  of  April,  1839,  we  repaired  to  a  forest  in  New  Jersey, 
Pfot  Paine's  providcd  With  vcry  delicate  thermoineters,  of  Fahrenheit's 
eit[wriDienUi.  gcale,  coHstructcd  for  our  object.  The  bulbs  were  no  largfc 
than  tlte  stem,  the  range  of  the  mercury  extensive,  and  the  degrees 
marked  upon  the  glass.  The  stems  filled  exactly  the  bore  of  a  8>mall 
spiral  auger,  and  when  the  glass  was  introdiuied  the  atr  was  excluded  by 
applying  a  silk  handkerchief  around  the  hole.  The  perlbratEons  were  tdl 
made  on  the.  northern  side  of  the  trees.  Fifteen  minutes,  at  least,  were 
allowed  for  the  aubaidence  of  the  heat  that  arose  from  the  friction  of  the 
perforator,  and  the  thcrroo meter  was  generally  reapplied  at  different  in- 
tervals afterward.  The  ^jcriorations  were  made  about  four  feet  above  the 
gronnd,  and  the  diameters  o{  the  trees  were  ascertained  at  this  point 
When  tiie  diameter  was  five  inches  or  more,  the  perforations  were  made 
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to  the  Jcptli  of  two  and  ft  lialf  inches.  When  tlio  diameter  was  Icsa  than 
five  indies,  the  tliermometer  was  introduced  aa  tur  as  the  centro  of  the 
tree." 

Of  the  tables  given  by  Professor  Paine  I  select  the  following : 
"Range  of  thermometer  in  the  shade  during  the  obseprations,  which 
hated  six  houis,  from  Sii^  to  52^  :  near  freezing  at  sunrise. 

"A  dead  upright  dry  tree  was  selected  aa  a  standard  of  corapariBon. 
Its  diameter  was  twelve  inches.  The  temperature  of  this  tree,  at  the 
close  of  our  observations,  was  45*^  at  the  centre  and  in  all  other  parts. 
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do.            do. 

(1 

c 

U 

H" 

do. 

do.            do, 

" 

4 

U 

55" 

do. 

Jimipems  Viginiana, 

11 

4 

11 

OS'* 

Kcibinia  pseudai.'Bcia, 

III 

S 

II 

62" 

do. 

Fo|Ju]us  Jicvi^ruta, 

II 

4 

II 

62'' 

Iq  bloom. 

do.          do. 

II 

4 

41 

64° 

do. 

do.         do. 

II 

3 

ti- 

63'' 

do. 

do.         do. 

It 

B 

ll 

05" 

do. 

do.         do. 

II 

3 

II 

67" 

do. 

do.         do. 

41 

u 

" 

68° 

do." 

Ths  heat  wliich  is  thus  liberated  by  plants  stands  in  the  stead  of  a 
certain  amount  of  atmoapheric  heat,  and  theretbre  complicates  the  preced- 
ing considerations. 

By  sucli  facts  as  those  -which  have  now  been  presented,  we  may  be 
satisfied  that  the  well-being  of  plants  is  affected,  and  even  A«-Dioiaish- 
their  existence  determined  by  the  influence  of  external  agents,  ^oi^sinij^^p*^ 
and  tiiat,  in  this  manner,  they  ore  capable  of  liaving  changes  ««»  of  iilnnu. 
impressed  upon  them  even  in  an  artilidal  way.  If  we  furnish  to  them 
those  niatei'ials  or  conditions  which  their  circuni stances  require,  they  will 
grow  with  luxuriance,  or  under  an  opposite  state  of  things  will  dwarf 
away ;  and  where,  for  a  long  period  of  time,  such  conditions  are  imposed 
upon  successive  generations  of  them,  a  pemianent  change  may  be  effect- 
ed, those  which  have  appeared  as  vnneties  assuming  the  more  definite 
form  and  persistency  of  8ub-s|)ecie3.  The  general  impression  alluded  to 
in  the  last  chapter,  tliat  sucli  peculiarities  are  only  to  be  extended  by 
budding  or  other  equivalent  operations,  and  that  those  which  wc  regard 
as  ditferent  individuals  arc  truly  fragments  or  parts  of  the  aame  individ- 
ual, does  not  here  pro|je.rly  apply.     A  like  propagation  of  peculiarity  i«. 
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■  *— TiiiinU  of iiirtMiiii,wMi^aMh»llytfe«»efa«Ji>»JihM 
fndnij  a  the  iwCmce  in  wincb  «e  ^ovU  be  M  to  expect  iL     Of 

•vkilcfacs-giBdai  pbsU,  dx  cszdC,  the  beet,  tbe  taoip^  tfe  caUi^e.  tfe 
pa,  clc^  w«  prop^irte  the  oqiected  kbd  vitiio(it  rajr  VMBtui^  bf  Ac 
■M  of  «!■,  nets  cappong  Art  ihBj  will  rai  faMk  to  tic  vdd  itocfc, 

QV  Bve  tfigitt  to  pnsto  tutkvott  to  tnoee  wMi  v^wsh  tB^  vov  ociino> 
The  cam  of  mm,  euited  ior  BiB^  Ton  ^OB  Aeae  TCgetaUo,  bes,  then* 
■apnmed  apon  timn  a  cfaange  toj  fiv  6am  cpfamanal  nin  iiaian,aad 
taablcd  tJiea  to  pam  ftom  tbc  oondiDoB  of  mem  vahetics  indo  tlut  of 
aclaal  ral»-^e<aak, 

jlcknowleiigijig.  tiicrefore,  the  inflpfw*^  which  ptiTncal  agents  exert  on 
Sa^mj«(  the  growtii  ami  derelopnenl  of  plants,  and  admitti]^  that 
ifi!*fiMiiimij[  '^'*'*'™g  cireamstanom  wiU  bring  on  a  modificatMsa  of  finm, 
bw  piaau.  especiaJJy  if  ajiplied  long  enoi^fa,  and  that  man  himadlj,  hf 
hu  arts  of  coltnic,  csn,  wiihont  diffioJtj.  eErtaUiBh  similar  Tanations,  we 
ni^  be  led  to  expect  that  more  profonnd  changes  in  external  circnm- 
StacKefi  if  slcadil J  applied  through  extend^  periods  of  time,  ironld  give 
crig^  to  more  striking  results.  A  i-uiation  in  the  constitntioa  of  the  air. 
itt  the  brilltancy  of  light,  io  the  mean  temperature,  moifitore,  or  ^emical 
constitution  of  the  soil,  if  kept  Dp  for  thoDsands  of  yeaxa,  or  permanent'- 
Ij  eatablifthcd,  could  not  fail  to  exert  a  prodigious  eflk-t  npon  the  whole 
vc^t&fate  world.  If,  for  example,  the  brilliancy  of  the  sim  in  the  alow 
Upsc  of  centuries  ibould  grodu&lly  decline,  or  the  mean  temperature  of 
the  HuHiice  of  the  earth  should  descend,  or  enormoas  quantities  of  car- 
boiiic  acid  be  permanently  removed  from  the  aif  and  replaced  by  ecjtiiva- 
Icnt  volumes  of  oxygen  gas ;  if  carbonate  of  Ihne,  to  an  extent  sn^cient 
for  the  formation  of  geological  strata,  were  removed  from  the  waters,  in 
which  it  could  iiu  longer  be  held  in  solulioii  because  of  the  withdmwal 
of  carlionic  acid  from  the  atmosphere,  it  must  follow,  as  a  matter  of  incv- 
itnbJic  necessity,  that  the  whole  vic^iabte  world  wotild  feel  the  cliange. 
IMiiritH  Ibnt  at  one  time  existed  coidd  exist  no  more;  others,  by  gradu- 
ally accoiiimodaling  thcniEclvcB  to  the  alow  revolution,  would  exhibit 
here  the  development  of  one  part,  tliere  tlie  development  of  ancrtbe-T,  and 
Home,  wliicli  [Kfrhaps  maintain  themselves  with  difficulty  under  the  old 
atat«  of  thingi),  woidd  now  begin  to  develop  themselves  in  a  more  luxu- 
riant way. 

Tijc  uhangea  Eicre  spoken  of  hypothctically  have,  however,  auiually  oc- 
SacLlai dinni-M  ^lurrcd  in  the  history  of  the  cartli.  We  can  not  sliut  out 
ooouiriiix  iw  ilw  eyefl  To  llie  corresponding  march  wliich  vegetation  has  made, 
•tbiiiriK  vniia-  Commencing  in  the  earliest  geological  times  with  the  sletn- 
Uofti  III  iiUnii.  legg  cryptcgamia,  followed  by  those  provided  with  stems 
and  leaves,  the  gyranoapores,  sBcb  as  the  conifers  aod  cycadew,  next 
making  their  ap[>earance,  after  these,  monocotyledoos,  and  at  last  the 
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dicotyledons — el  steady  progrcBsion  from  those  which  we  may  tenn  of  a 
lower  to  those  of  a  more  elevated  organization,  aud  all  this  was  [iroduccrl 
hy  the  intluence  of  physical  agents. 

Oit  80  tirm  a.  footing  may  wc  regard  this  doctrine  as  now  placed,  that 
we  can  use  it  for  the  purjMise  of  determining  from  the  asi^r-  .  y  ,- 
tained  botanical  condition  of  onr  planet  at  any  period  the  tiwaeprtDcipiw 
physical  conditions  under  which  she  then  existed,  and  thia  ^"^''""y- 
with  a  precision  constantly  becoming  greater.  Among  the  raore  impor- 
tant facta  which  have  been  distinctly  made  out,  a  few  may  be  cited  as 
illustrations  of  the  subject  now  treated  of.  For  example,  Ist.  Tiie  ex- 
istence of  a  tropical  climate  in  regions  of  very  iiigh  latitude,  aa  is  proved 
by  tlie  Occurrence  of  fossil  tropical  plants  therein ;  2d,  That  iJl  ov^z  the 
globe  the  temperature  was  once  nearly  uniform,  nothing  answering  to 
what  we  now  term  climates  esisting,  a5  is  proved  by  the  unitbrmity  of 
tlie  vegetable  growths  preseiTed  as  coal  from  the  equator  to  near  the  polar 
circles — great  arboreacent  cryptogamia,  exceeding  in  eize  the  arborescent 
ferns  now  growing  in  the  Pacific  islands  under  the  &[uin(>ctial  line. 
From  auch  a  botanical  fact,  we  reason  without  error  to  the  Smiesrsinn  of 

conclusion  that  in  those  times  the  influence  of  the  BUn,  bo  ciimiues  oh  Um 
,  ,        »  ,  111  tank  fluu^rni- 

lar  as  the  sup^uy  ot  neat  was  concerned,  must  have  been  ihltJ  rmm  itj 

wholly  ovei-powered,  the  intrinsic  temperature  of  the  planet  fos"^'"""- 
obliterating  all  climate  subdivisions.  3d.  That  these  climate  Bubdivis- 
ionst  which  arc  now  presented  as  existing  side  by  side  in  zones  upon  liic 
planet,  were  introduced  for  eiidi  latitude  in  an  order  of  auccession  aa  to 
time ;  that  even  thg  frigid  zone,  by  reason  of  the  cooling  of  the  earth, 
itas  passed  through  an  ultl^a-t^opical,  a  tropical,  and  a  temperate  degree 
of  heat  to  reach  its  present  state;  4th.  That  the  extinction  of  the  old 
vegetable  tbrma  was  accompliahed  by  an  inability  of  thaao  organisms  to 
maintain  themselves  in  the  physical  revolution  that  waa  gradually  taking 
place.  Among  such  may  be  mentioned  the  dying  out  of  gigantic  e/jui- 
setuma  or  horsetails  twenty  feet  high,  club  mosses  rivaling  forest  tree's, 
calamiics  and  stigmarias,  these,  as  they  disappeared,  E>eing  replaced  Ly 
cycadacew,  and  coniferw,  and  tree-Ufce  liliaceiii'.  Even  long  after  the  do- 
posit  of  the  coal  there  Hourished  in  England  innumerable  palms,  which 
maintained  themeelvcs,  with  their  tropical  associates,  iuto  the  tertiary 
times. 

Among  the  pltysical  events  which  geolo^cal  rescarclies  disclose,  tlierf 
are  two  of  surpassing  importance  in  the  lii3tory  of  the  globe,  -  ^  • 

and  botli  of  them  immediately  connected  with  the  doctrine  ido  history  of 
we  have  under  discussion;  thoso  are  the  change  impressed  ^'^°  ' 
on  the  atmosphere  by  the  withdrawal  from  it  of  those  enormous  mneBes 
of  carlwn  deposited  under  the  clifterent  forma  of  coal,  and  tlie  localiza- 
tion of  plfints  and  animals  in  climate  distribution  as  the  sun's  rays  be- 
ll u 
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gui  to  aa^ert  tbeir  bifltietxK  tlmragh  the  loirenng  of  di«  snfi 
Omm  fa  ux  atoie  of  tlw  ^bc  llie  fat  of  tboe  ereoiB  va 
iunited  in  its  tdect  to  a  distwliuice  of  Uk  mjpni 
of  planla  b^dimiiualui^theaiiioaiitof  giaeaBaBi 
vbtch  they  gaibered  llieir  rapport  in  the  air :  ita  infittcsee  was  abo  feb 
in  animal  life  by  rendtring  that  poanfale  whidi  was  not  poaaUe  b^cna 
— the  exiateoce  of  the  qmckly-reaiaring  and  licit-iilooded  tifliea;  lor  H$(A- 
hfws  as  a  chemical  neccBsitj  that,  under  the  carciunscutees  cf  the  case, 
the  removal  of  the  carbonic  acid  was  attended  with  the  ertJtttion  t£ma 
eqtial  volume  of  oxygisn  gas.  jV^  respects  tbe  inflooioe  of  the  saa*  wfaidi 
gradnally  led  to  Ibe  efitablisliment  of  climates,  6r8t  in  an  order  of  time, 
and  then  in  an  order  of  place^  this  was  the  signal  for  the  localizataon  of 
Daflniu  looli-  P^*^  ^^''^  animals  tn  definite  i^iona.  From  many  coan- 
uiimofpUau  tries  which  they  had  tbns  far  inhabited  they  were  now  cx- 
*"  pelled,  and  bsniers  of  temperature  pUced  aroond  them  whsdi 

thoy  could  never  again  overpass.  And  as  these  great  changes  occimeJ, 
they  were  attended  by  the  extinction  of  counties  fonns  in  both  ki^- 
dome,  wliicb  were  utterly  unable  to  maintain  themselves  in  the  new  or- 
aicnBtances  around  them,  tlieir  places  being  occupied  by  the  ext^sion 
of  eotitcmporaoeous  forms,  or  by  tbii  appearance  of  others  that  were  whol- 
ly new. 

Ab  an  illufltratioD  of  the  manner  in  which  a  vegetable  organism  may 
E  Bill  I  nf  iiio  ^  "*^  '"  *'''*  inverse  way  for  the  detennination  of  phvsic- 
inrcrnc  tuciJumI  al  conditions,  I  may  introduce  the  following  quotation,  from 
fromSthi..d^a.  Hchleiden:  "  Tlie  gradual  conversion  q^' the  universal  trop^ 
ieal  climate  into  the  present  cliraatal  zones  may  be  shown  in  another 
very  itttcresting  manner  in  quite  a  special  instance.  -iVll  ligneous  tntttka 
of  conit'i-roua  trees  continually  increase  in  thickness  at  all  parts  of  their 
tiircuinjL'rcrLce.  In  the  equatorial  regions,  where  the  climate  retains  tbe 
came  character  uninterruptedly  throughout  tlie  year,  tlila  thickening  of 
the  trunk  proceeds  without  interruption  and  homogeneously;  no  tnark 
betrays,  in  a  smooth,  transverse  section  of  the  stem,  the  time  which  waa 
required  for  its  formation.  Ab  we  proceed  toward  the  north,  however, 
WB  the  flimatal  conditions  produce  continually-increasing  diversity  in  the 
particular  8ca:aons,  the  corresponding  growth  m  thickness  shows  Itself  to 
have  l)een  furthered  by  the  favorable  season,  and  restrained  or  altogether 
interraptetl  by  the  unpropitious  tiines.  In  a  cross  section  of  a  stem  are 
seen,  the  higher  tlie  latitude  in  which  it  lias  grown,  the  greater  differ- 
onces  in  the  atructure  of  the  aucccasive  portiona  of  the  wood,  until  final- 
ly, in  the  latitudes  where  there  is  a  severe  alternation  of  winter  and  sum- 
mer, so  striking  bccomea  the  difference  between  the  wood  last  formed  in 
aunimer  and  tliut  first  produced  in  the  nest  spring,  that  we  may  count, 
in  the  nnmbcr  of  anuular  marks  thus  produced  in  a  cross  aeqdQn,  with 
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great  certainty  and  accuracy,  the  number  of  years  which  have  been  oc- 
cupied in  the  formation  of  the  trunk.  The  circular  lines  upon  the  cross 
section,  well  knoivn  to  every  forester,  are  thence  called  annual  rings* 
When,  fortified  with  the  knowledge  of  this  fact,  -we  compare  ivith  each 
other  the  trunks  c£  tlie  conifers  which  we  obtain  from  the  various  cjwcha 
of  formation,  we  find  that  the  oldest  remains  exhibit  no  trace  whatever 
of  annual  rings,  but,  in  the  course  of  lime,  thev  become  continually  more 
defined,  so  that  lastly,  in  the  most  recent  fonnations — for  instance,  in  the 
upper  brown  coal — they  appear  marked  just  as  distinctly  as  in  the  trees 
now  living  in  the  Bame  localities." 

In  speaking  of  artificial  ^Jlange3  impressed  by  culture  upon  domestic 
plants  which  have  been  converted  from  varieties  into  sub-  i>ifrB«nce  be- 
apeciea,  the  importance  of  the  element  of  time  was  insisted  ^*'""  ■brum 
upon.  In  the  same  niarnier,  m  the  cbangca  wluch  have  Oc-  impresaionson 
curred  during  geological  periods,  the  successive  replacement  p''"**- 
of  one  class  of  vegetable  forms  by  another,  that  element  again  obtrudes 
itself  upon  our  notice.  If  a  few  years  serve  to  establish  such  minor 
changes  as  the  perpetuation  of  varieties  into  sub-species,  what  should  be 
expected  fi-om  the  enduring  influence  of  innumerable  centuries?  More^ 
over,  in  these  artificial  results  there  is  a  necessary  abruptness,  the  appli- 
cation of  the  disturbance,  which  can  not  but  exert  an  unfavorable  ini!a- 
ence.  No  time  is  aflbrded  to  the  organism  io  suit  itself  gradually  to  the 
force  exerted  upon  it,  none  for  acclimating  itself  (a  the  e.xtemal  variation. 
It  must  either  yield  at  once  or  perish.  But  bow  diiferent  as  respects 
the  method  of  application  in  the  case  of  the  organic  series !  If  it  be  de- 
cline of  temperature  tliat  wc  consider,  how  shall  we  enumerate  the  suc- 
cessive centuries  that  must  have  elapsed  as  tlie  descent  was  made  from 
degree  to  degree?  In  these  later  times,  as  is  admitted  on  all  hands,  the 
m^An  temperature  of  (lie  surface  could  not  decline  the  tenth  part  of  a 
Fahrenheit  degree  in  the  lapse  of  10,000  years.  Yet  the  interval  has 
transpired  during  which  there  has  been  a  gradual  descent  from  those 
high  thermometric  points  at  which  the  existence  of  organic  life  was  bare- 
ly possible,  and,  in  truth,  through  a  far  greater  range  than  that.  It  sig- 
nifies nothing  that  this  descent  might  have  been  more  rapid  the  higher 
the  degree ;  in  any  case,  it  implies  a  prodigious  intervai  of  tirae^  Or,  if 
wc  consider  variations  in  the  light  of  the  sun,  either  because  of  his  being 
a  variable  star,  or  because  of  the  gradual  clearing  up  and  iraproving 
transparency  of  the  atmosphere,  we  are  brought  again  to  the  same  re- 
sult— long  periods  of  time;  for,  though  there  may  be  among  the  fixed 
stars  some  whose  periods  of  variation,  as  respects  brilliancy,  arc  short* 
included  perhaps  within  a  few  daya^  or  even  hours,  if  we  had  no  belter 
evidence,  history  assures  that  our  sun  is  not  one  of  that  quickly-varying 
group.     Or,  again,  if  we  consider  the  changes  which  have  indisputably 
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ocourred  in  the  chemical  constitution  of  the  nir,  the  diminutioii  of  Us  an- 
cient aiuoant  of  carbonic  acid,  the  reduction  of  the  mean  percentage  of 
its  vapor  of  water,  the  increase  of  its  oxygen,  these  again  are  eJianges  of 
a.  secular  kind,  the  time  required  for  the  accomplishment  of  which  ie 
wholly  beyond  ouj  finite  comprehension.  In  such  a  gradual  adrarice. 
oi^anisins  for  many  generations  might  show  but  little  change,  yet,  in 
the  end,  the  effect  must  come  to  be  profound.  Indeed,  all  the  great  nat- 
ural eftects  we  witness  are  accomplished  in  this  quiet  and  gradoal  way; 
the  traces  of  tempests  and  other  cataatrophea  are  very  soon  effaced,  no 
niatltr  how  violent  the  original  commotion  may  have  been  ;  but  warrath, 
and  lights  and  moisture — causes  which  act  Bo-gently  that  we  might  over- 
look them^are  the  agents  which  control  the  universal  aspect  of  things. 
In  this,  as  in  other  respects,  the  strong  arc  always  the  silent ;  and  in  the 
^icni«r  phyv  «low  lapse  of  many  ccnturics,  by  the  gradual  operation  of 
>-4ilchBiiKMn[-  universal  forces  thus  gently  applied,  orgRnic  forms  had  an 

(ended  l>y  pro-  .  .  °  ,      f       '^^  ,.     ^  .  ,  , 

■lupcioiw  sn>!  opportunity  ol  accommodating  or  acclimating  themselves  to 
nxtimuona.  ^|^g  ^g^  state,  or,  if  they  failed  to  do  bo  tlirough  some  want 
of  correspondence  in  their  structure,  they  gradually  passed  away  and  be- 
i:ame  extinct.  It  is  no  argument  against  the  transmutation  of  species, 
3r  even  of  genera^  that  we  have  never  witneseed  such  an  event.  We  can 
never  witness  the  necessary  combination  of  circumstances  which  shotild 
biing  it  about,  above  all,  as  regards  the  needful  lapse  of  tunc,  the  alor 
yielding  and  acconimodalion  whidi  iuch  a  change  impUcs.  In  this,  as 
m  those  great  modiiicationa  that  have  occurred  in  the  stratification  of 
the  globe,  the  like  of  wliicli  has  never  been  seen  in  the  periods  of  hummu 
record,  our  want  of  familiarity  with  them  is  a  matter  of  very  liltle  mo- 
■ment.  The  remark  of  an  emhient  geologist  applies  with  equal  force  in 
both  cases:  "Changes  that  are  rare  in  time  become  tTer[uent  in.  etei^ 
nity." 

But  it  may  bo  said  that  if  by  external  influences  the  successive  Bpe- 
■  iniriuaUiiangB  cies  and  genera  in  this  manner  arose,  wo  ought  to  find, 
iirodace  effects  '^^'^'^  between  those  which  are  most  closely  allied,  many  in- 
by  nbraptcriBcs.  temtediate  forms  j  for,  since  the  active  causes  were  gradual 
in  their  operation,  one  organism  should  pass  into  another  by  slow  de- 
.jreos — so  insensibly,  indeed,  that  it  would  perhaps  be  impossible  to  itidi- 
fljtte  the  point  at  which  the  proper  Iraiiaition  was  made.  Such  an  er» 
pectation  is,  however,  founded  upon  a  lotal  misconception  of  tho  chazac 
ler  of  these  progresses,  for  a  force  applied  for  thousands  of  yeare  inav 
dhow  no  eflect.  but  at  last  may  manifest  iteelf  by  an  instant  crisis.  Mul- 
ijtudes  of  illustrations  might  be  furnished  of  this  principle ;  for  instAfice, 
the  motion  of  a  comet  may  be  toward  the  sun  in  a  pnth  which  ia  almost 
1  straight  line  for  scores  of  centuries,  but  on  a  sudden  it  assumes  a  cnrvi- 
linear  coursot  and  accom])lis]tea  its  perlliielion  psssage  in  perhaps  a  few 
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UouTB,  and  then,  receding  from  that  luminary,  takes  a  courae  not  eenai- 
bly  differing  from  a.  strnight  line,  and  occupying  perhaps  centuries  in  its 
sccomplishment.  The  variations  of  direction  and  of  voltx-ity  afe,  how- 
ever, the  necessary  results  of  the  conditions  under  which  its  movement 
IB  taking  plaoe,  and  may  be  truly  itaid  to  have  been  originally  incliidDrl 
therein. 

This  instantaneous  or  critical  asaimiption  of  a  new  phase  may  also  be- 
illustrated  by  the  flinctiona  of  orgaiuc  beings.  Thus  the  ...  ^ 
fcctal  mammal,  thongh  proviflcd  witli  lungs,  a  mechaniam  in  frum  Ho  lifr 
all  respects  ready  for  aerial  respiration,  does  not  pass  by  "  """'* 
graduated  steps  from  phicentRl,  which  is  tnily  aquatic  breaJhiiig,  but  the 
change  takes  place  on  a  sudden  at  the  moment  of  bJrlh,  These  ATiJ 
■other  sucli  instances  may  therefore  flatisfy  ua  that  wliat  an  imperfect  in- 
duction would  load  us  to  look  upon  as  a  departure  from  t!ie  existing  rule. 
or  as  a  bremih  of  tlie  law,  may,  in  reality,  be  nothing  more  than  the  im- 
mediate  or  legitimate  conseq^aence  of  it.  TJiey  may  twich  ua  tiiat*  in 
the  natural  progress  of  things,  variations  do  not  ne<^.'isarily  always  take 
place  in  so  gradual  a  manner  as  to  be  undistinguis liable  from  stage  tt« 
stage,  hut  sometiraea  iustantaneoualy,  and,  as  U  were,  by  a  crisis. 

Again,  tliis  lariation  by  crises  may  be  illustrated  by  many  farailia: 
mechanical  contrivances.  The  case  of  the  common  seconds  Mei^imtiii^ai  {]. 
striking  clock  may  furnish  an  example.  Let  \La  trace  the  lus'^tioiw. 
aucccsBivc  conclusions  to  which  an  ingenious  man  might  have  come  ai 
the  first  introduction  of  this  uiatrument,  his  inve3tigation  of  it  being  sup- 
posed to  exclude  an  inspection  of  its  purta.  After  listening  for  a  length 
of  time  to  the  bcftts  of  its  pendulum,  he  would  observe  that  these  suc- 
ceeded at  precisely  regular  iutervals,  and  after  extending  his  examination 
througli  two  or  three  thousand  of  such  occurrenccg,  he  would  doubtlesi^ 
foei  justitietl  in  coming  to  the  conclusion  that  the  construction  was  of 
such  a  nature  tlmt  the  passage  of  successive  small  Intervals  of  time  was 
indicated  by  the  occurrence  of  a  brief,  dull  soumL  lUs  first  conclusion. 
therefore,  would  be,  that  the  instrument  would  go  on  doing  this  continu- 
ously. 

At  the  close  of  3600  auch  observations,  when  the  truth  of  his  in- 
duction appeared  lo  have  become  irresiatiblejhis  attention  would  be  ar- 
rested, and  his  faith  in  the  correctness  and  complelenesa  of  the  extensive 
inductive  conclusion  he  had  just  drawn  would  be  shaken  by  hearing  one 
loud  stroke  upon  a  bell.  Now,  probably,  he  would  suspect  that  the  struc- 
ture of  the  instrument  was  such  that  it  indicated  the  Ispee  of  each  3600 
minor  bents  by  one  louder  stroke.  This  wo«ld  be  his  second  and  more 
improved  inducttou. 

Setting  liiraself  to  verify  the  truth  of  this  hypothesis,  he  would  watch 
the  instrument  through  3600  beats  more,  confidently  expecting  that,  at 
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tUe  concluaion  thereof,  ih^  Kypolhesia  to  which  be  had  thus  hastenetl 
would  be  confiraied.  True  to  the  time,  the  bell  would  agalii  strike,  but. 
instead  of  strikiug  only  once,  it  would  strike  twice,  Adinouished  of  tlic 
hastiness  of  his  hjiiotlieaia,  our  philosopher  might  now  be  induced  to 
pause  btfore  he  generalized  again,  and,  after  watching  through  3{j(X)  more 
beats,  the  clock  would  Btrikc  tlirice. 

Nowj  sniely,  he  would  feel  absolutely  certain  of  having  reached  thr 
true  interpretation  of  the  action  of  the  machine  at  last.  His  third  and 
corrected  conclusion  would  be  that  eacli  group  of  3G00  beats  was  register- 
ed by  the  bell,  the  number  of  strokes  upon  which  indicated  the  number 
of  such  groups,  and  that  this  it  would  do  continuously. 

Patiently  U:iteuing  through  many  thousand  beats,  he  would  fiiud  that 
every  thing  conlirmed  his  new  and  improved  induction.  He  would  hear, 
in  their  regular  succession,  ten,  eleven,  and  tivelvc  strokes  made  by  the 
clock.  Of  coiirse,  his  es])ectation  would  now  be  contirmcd  that  at  the 
next  time  the  clock  struck  it  woulJ  be  thlrteeu.  How  great  would  be 
his  surprise  to  tiod  it  was  only  one  1 

Fersevenngly  continuing  his  examination,  he  would  reach,  at  last,  thr 
true  law  regulating  the  indications  of  the  machine,  and  would  tind  that 
the  partial  conclusions  to  which  he  had  successively  arrived,  and  which 
lie  had  thought,  at  the  time,  to  be  substantiated  by  a  superfluity  of  tacts, 
were  in  themselves  incomplete,  and  in  that  respect  erroneous;  but  he 
would  also  observe  that  whatever  truth  there  was  in  them  was  embraced 
in  the  tinal  induction  that  tbi;  machine  was  not  as  simple  as  he  had  ai 
first  suppo^oJ,  uud  that  the  ci'itical  vuriations  which  in  succession  had 
surimsed  him  were  all  embraced  in  the  original  plan  of  its  construction. 
Our  imaginary  philosopher  has  passed  tlirough  a  mental  exercise  precise- 
ly like  that  winch  is  befalling  modem  comparative  pbysiologisls.  From 
his  labors,  diBappointments,  and  eventual  success,  they  may  gather  en- 
couj-agement.  The  clock  of  the  universe  does  not  tbrevcr  go  on  vibrat- 
ing monotonous ly,  A  thousand  years  upon,  it  are  only  as  the  beat  of  a 
pendulum ;  but  it,  too,  has  its  periods  of  critical  variation — variations  that 
were  included  in  its  original  device. 

The  point  whicli  I  wish  to  impress  by  these  illustrations  is,  that  there 
AppUcaiion  rf  ^^  "  dctiuite  Career  which  an  organism  must  follow,  accord- 
Um  pretedinE    ing  to  its  exposure  to  existing  physical  conditions,  and  thai. 

usira  :on.  though  tliis  career  may  seem  to  be  continuous,  it  by  no  means 
follows  that  it  shall  not  exhibit  an  instantaneous  and  critical  change,  ami 
that,  On  a  sudden,  ihc  orgaiiiam  may  aaaume  a  specifically  new  aspect : 
iLtid  though,  in  what  has  thus  far  been  said,  reference  has  been  had  chief- 
InfluenM  of  ly  to  plants,  these  observations  all  apply,  in  like  manner,  to 
I  do  not  propose,  however,  to  enter  on  that  branch 
of  the  inijuiry  now.  but,  as  an  Uluatration  of  the  influence  of 
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pliyaical  agents,  even  on  the  highest — man  himaell" — shall  offer  the  fol- 
lowing example: 

M.  D'Orbigny,  in  hb  description  of  the  Inca  Indiana  of  South  Amer- 
ica, remarks,  "  It  has  always  been  observed  (Iiat  the  trunk  is  cnsr  of  the 
longer  in  proportion  than  among  olher  Amerli:ans,  and  that,  '"^  indUw, 
for  the  same  reason,  the  extremities  are,  on  the  contra]^,  shorter.  Wo 
endeavored,  at  the  same  time,  to  explain  this  fact  by  tlie  greater  devel- 
opment of  the  chest.  It  would  appear  that  any  part  of  the  body  may 
take  a  gi-eater  extension  irom  any  adequate  cause,  while  other  parts  fol- 
low the  ordinary  course.  An  evident  proof  of  tliis  fact  may  he  found  En 
the  plicnomena  of  imperfect  conformation,  in  which  a  certain  part  of  the 
body,  in  consequence  of  deformity,  does  not  assume,  in  external  appear- 
ance, its  complete  natural  development,  as  we  see  in  the.  trunk  of  a  dwaif, 
while  this  deiect  does  not  prevent  the  extremities  Irom  acquiring  those 
proportions  that  they  would  have  had  if  the  trunk  liad  received  Its  full 
growth.  This  accounts  for  the  want  of  aynimelry  in  the  persona  of 
dwarfs,  and  for  that  length  of  the  upper  and  lower  limbs  so  nmch  out  of 
proportion  to  the  body.  If  we  admit  this  fact,  difficult  to  contest,  why, 
in  the  case  in  question,  may  we  not  as  well  admit  that  the  chest,  from  a 
cause  which  we  shall  explain,  having  acquired  a  mote  than  ordinary  es- 
tenaion,  might  naturally  lengthen  the  trunk  without  causing  the  extrem- 
ities to  lose  their  nom^al  projxjrtion,  which  would  make  it  appear,  aa  in- 
deed it  would  be,  longer  than  among  other  men  where  no  accident  can 
have  altered  the  form  common  to  the  race? 

"  Let  us  return  to  the  causes  which  occasion  in  the  Tneas  the  great 
volume  of  chest  which  has  been  observed  in  them.  Many  consideia- 
tions  have  led  us  to  attribute  it  to  the  uiduence  of  the  elevated  regions 
in  which  they  live,  and  to  thiR  modifications  occasioned  by  the  extreme 
expansion  of  the  air.  The  plateaux  which  they  inhabit  are  always  com- 
prised between  the  limits  of  750()  to  15,000  feet  above  the  level  of  the 
sea.  There  the  air  is  bo  rarefied  that  a  much  greater  quantity  must  be 
inhaled  at  each  inspiration  than  at  the  level  of  the  ocean.  The  lungs 
require,  in  consequence  of  their  great  necessary  volume,  and  of  their 
greater  dilatation  in  breathing,  a  cavity  larger  than  in  the  lower  regions. 
This  cavity  receives  from  infancy  aad  during  the  time  of  its  growth  a 
great  development  entirely  independent  of  that  of  the  other  parts.  We 
were  desirous  of  determining  whether,  as  we  might  suppose  a  priori,  the 
lungs,  in  consequence  of  their  great  size,  were  not  subject  to  extraordi- 
nary modihc^itions.  Inhabiting  the  city  of  La  Pnz,  upward  of  11,000 
feet  above  the  level  of  the  ocean,  and  being  informed  that  in  the  hospital 
there  were  constantly  Indians  from  the  populoti?  plateaux  atill  more  ele- 
vated, we  had  recourse  to  the  kindness  of  our  countryman,  M.  Bumier, 
physician  to  the  hospital,  and  he  permitted  ua  to  make  a  post  mortem 
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examination  of  some  of  tUcae  IndlaDs  tjoiu  the  liigliest  regions.  In  these 
vc  Uave,  as  we  expected,  found  the  lungs  of  an  extraordinary  dunension, 
whicli  the  esternal  form  of  tlie  cheat  cleurlj  indiciated.  We  remarked 
tiiat  tlie  cells  were  much  larger  and  more  iii  number  than  in  those  of  the 
liings  we  had  dissected  in  France  ;  a  condition  very  necessary  to  increase 
the  surface  in  contact  with  the  ambient  titiiJ.  To  conclude,  we  have 
discovered,  1st.  That  the  cells  were  more  dilated ;  2d,  That  their  dilata- 
tion increases  ooiisiderahly  the  volume  of  the  lungs ;  3d.  That,  conse- 
quently, they  must  have  to  contain  tliem  a  larger  cavity;  4th.  That* 
therefore,  the  chest  has  a  much  larger  capacity  than  in  the  normal  state; 
oth.  That  this  great  development  of  the  cJiest  elongates  the  trunk  beyond 
its  natural  proportions,  and  places  it  almost  out  of  liarmony  with  the 
length  of  the  extremities,  this  reraainitig  the  same  as  if  the  chest  had 
jireserved  its  natural  dimensions."' 

With  respect  to  the  doctrine  of  the  influence  of  physical  agents  on  or- 
ireumeritfnim  g^-'iizalion  generally,  we  admit  witliout  hesitation  that  the 
rhe  «[Uii(;iioii  ejsthicfmn  nf  forms  has  heen  accompHshed  through  outward 
causes,  decline  of  hcat^  etc  These  extinctions  are  intimate^ 
ly  connected  with  tlie  appearance  of  new  organisraa,  and,  indeed,  are  lo 
be  regarded  as  being,  with  them,  csKntiaJ  parts  of  a  common  plan.  It 
would  not  appear  agreeable  to  tlie  mode  in  which  the  scheme  of  Nature 
U  carried  out  to  invoke  one  class  of  influences  for  the  removal  of  the 
vanishing  forms,  and  a  totally  ditlerent  one  for  the  introduction  of  the 
new-comers.  There  seems  to  be  a  better  harmony  in  the  supposition  that 
all  these  things  arc  managed  upon  similar  principles,  and  tiiat,  since  it  is 
the  tailure  of  congenial  conditions  which  closes  the  term  of  hfe  of  a  race,  il 
was  the  suitability  of  those  conditions,  or  their  conspiring  together,  which 
gave  it  origin. 

The  influence  of  decline  of  temperature  appears  when  we  examine  yax- 
ItiflneirPB  oT  ticular  individuals  or  particular  i^pcciea  cither  of  plants  or  of 
iK-ciioe  of  tem-  anjinals.  Thus  the  Virginia  clxerr)'  attaijis  the  height  of  100 
**''"      "  feet  in  the  tsouthern  iStates,  and  is  dwarfed  to  «  shrub  of  not 

more  tlian  tive  feet  at  the  great  Slave  Lake ;  the  nasturtium,  which  is  b 
woody  shrub  in  warm  climates,  becomes  a  succulent  annual  in  oold.  Or, 
if  we  examine  some  special  tribe  of  life,  as  Slilne  Edwards  has  done  in 
the  case  of  crustaceans,  the  highef  the  temperature,  the  greater  ihe  li«- 
hitity  to  variations  of  species,  the  more  numerous  also  the  difTcreiieeft  of 
ibnm,  and  the  attainment  of  a  greater  individual  size.  That  these  varia- 
tions Arc  the  actual  consequences  of  the  physical  conditioiiB,  aod  not 
merely  collateral  results,  is  shown  by  supplying  the  condition  that  is 
wanting.  We  can  imitate  tlie  natural  result,  in  an  artificial  way,  in  hot- 
houBea ;  the  plants  of  the  warmest  climate  may  be  grown,  and  tlie  eflecis 
of  Biunmer  imitated  at  any  scpason  of  the  year.    What  better  proof  could 
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we  have  of  the  control  of  the  agent  heat  over  developinent,  than  the  wcU- 
uscertained  fact  tliat  the  time  of  emersion  of  larveb  depend^  upon  the 
temperature  V  The  silk^Ower,  by  pUcing  the  eggg  of  th«  insect  in  an 
teahouse,  retards  them  aa  long  a^  he  pleases.  The  amputated  \imhfi  of 
the  water-newt  can  only  be  reproduceil  at  a  temperature  from  58"^  to  75**. 
The  tadpole,  kept  in  the  dark,  doe*  not  pass  on  to  developinent  as  a  frog. 
Ln  decaying  oi'ganic  eolutioas,  aniinalcules  do  not  appear  if  light  be  ex^ 
uluded. 

Upon  the  whole,  therefore,  we  conclude  that  organisms  of  every  kind. 
30  fju"  from  presenting  any  resistance  lo  change,  are  irn-  chtinj.'M  of  or- 
preased  without  any  tlilficulty  by  every  exterior  condition ;  p"")i"  n"^„^^^ 
and  since  existing  natural  circunistaneeB  have  been  main-  riabl*  law«, 
tuincJ  for  a  long  time  without  any  apparent  change,  their  eameness  pro- 
duees  a  sameness  in  the  order  and  manner  of  development.  But  it  ehould 
be  borne  in  mtnd  that  tliis  idea  of  sanieresa  can  Ic  eiilei'tained  only  on 
an  imperfect  view  of  the  state  of  Nature,  for  there  is  scarce  one  of  those 
conditions,  to  the  saraenesa  of  which  we  have  boen  referring,  which  liaa 
not,  in  reality,  undergone  alow  secular  variations;  and  with  those  diauges 
ihere  have  been  clianges  in  the  manner  of  development. 

In  truth,  a3  I  have  on  a  former  page  ohaervcd,  the  only  things  which 
arc  absolutely  unchangeable  are  the  lawa  of  Nature,  sucih,  for  instance, 
as  that  of  graWtation ;  every  thing  cIbg  is  to  be  looked  upon  as  an  efli?ct, 
or  as  a  changeable  plienonienon  arising  from  the  operation  of  those  laws. 
So,  therefore^  though,  in  tlua  cliaptear,  the  terms  physical  in-  Sutccssive  □«[. 
iluencea  and  natural  conditions  have  boon  repeatedly  used,  ^"^^p']upp'^^*gf 
yet  a  higlier  and  more  pLiilosophical  vie^vof  the  case  brings  invuriaUaisw^ 
us  inevitably  at  last  to  the  idea  of  law ;  and  therefore  I  accept  the  ia- 
lerprcttttion  of  nil  these  foctfii,  whicli  has  of  Utc  yeajs  been  impressing 
itaelf  more  and  more  strongly  and  clearly  on  the  mlDd^  of  physiologists, 
that  the  development  of  every  organifini,  from  a  primordial  cell  to  ita 
rtnal  condition,  however  elevated  that  condition  may  be,  is  the  incvitahle 
consequence  of  tlie  operation  of  a  universal,  invariable,  and  eternal  law* 

All  animals,  no  matter  what  position  they  occupy  in  the  scale  of  na- 
ture, unquestionably  arise  in  the  lirst  in9.ta]ice  from  a  cell,  which,  poseeSi- 
ing  the  power  of  giving  birth  to  other  cells,  a  congeries  at  laat  arises,  the 
aize  and  form  of  which  is  determined  wlioUy  by  external  circum stances. 
Ill  all  cases,  the  material  from  which  these  cells  are  formed  is  obtained 
from  without,  and,  whatever  the  eventual  shape  of  the  stmclnre  may  be, 
ilie  tirst  cell  is  in  all  instances  alike.  There  is  no  ^>erceptible  difference 
between  the  primordial  cell  which  is  to  produce  the  lowest  plant  and 
that  wliicli  is  to  evolve  itself  into  the  most  elaborate  animaL  The  raodft 
>}{  growtSi,  and  the  artangenlent  of  the  new  cells  &s  they  come  into  esisfr- 
enuer  determining  not  only  the  form,  bat  also  the  functions  of  the  new 
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]>eing,  df^nd  on  the  particular  physical  conditionB  under  wfaick  the 
growth  is  taking  place-  Tb?  germ  which  is  to  produce  s  licbeti  oblaine 
from  materials  aroand  it  the  eabstances  it  wants  as  best  it  may;  bat 
the  germ  wlucb  is  to  end  to  the  developmeat  of  man  is  brooght  in  soe- 
ceaeioi)  under  the  influence  of  many  disbDct  states.  As  a  conseqaencr 
of  thiB,  it  gives  rise  in  succession  to  a  seiies  of  animated  forms,  which,  ms- 
Buning  by  degrees  a  higher  conipIe:xity,  end  at  last  in  the  perfect  human 
being.  At  one  time  it  was  believed  that  these  metamorphoses,  as  ther 
&K  laraedj  are  limited  to  insects  and  frogdt  the  insect,  whicb  at  Bm 
appears  Under  the  form  oj'  a  caterpillar  as  it  comes  from  the  egg,  and. 
passing  thioagh  the  pupa  state,  at  last  takes  Its  true  position  as  a  vring- 
ed  being;  the  trog,  which,  appea.ring  at  first  from  the  ovum  as  a  Imf* 
Hsli,  wltor^  refcpiralion  in  carried  forward  by  gills,  and  whose  life  is  lim- 
ited to  the  watetv  at  last  adsumes  a  new  constitution  and  a  new  organi- 
zation, breathes  by  lungs,  and  becomes  an  aniphibions  reptile.  Bnt  it 
is  now  known  that  these,  so  far  from  being  exceptions,  are  only  instancea 
of  a  general  rule,  which  is,  that  all  oi^nized  beings  shnll  begin  existence 
at  the  bottom  of  the  acale,  and,  taking  On  one  type  of  life  after  another,  in 
more  or  Iqhs  rapid  succession,  end,  finally.  In  assuming  a  size  and  foim 
analogous  to  those  of  the  parent  wliich  gave  them  birth. 

There  is  a  general  resemblance  between  the  life  of  an  individual  and 
the  life  of  a  species..  Each  lias  its  time  of  birth,  its  time  of  miaturity, 
its  lime  of  decline ;  each  also  has  its  embryonic  states.  The  fossil  formt; 
of  the  early  geological  ages  are  in  many  cases  the  embryos  of  existing 
animals.  Upon  each  all  natural  agents  have  exerted  thqir  effects,  push- 
ing forward  or  retarding  development;  and  this  applies  not  only  to  ao- 
imala,  but  also  to  plants:  it  is  in  accordance  with  the  principles  we  arc- 
setting  forth  that  over  the  whole  domain  of  life  natural  forces  cxeri 
their  sivay^  Change  the  conditions  under  which  growlh  is  taking  place, 
and  you  at  once  change  resulting  form  and  function.  It  is  in  this  man^ 
ner  tliat,  on  a  small  scale,  the  horticulturist  works  in  ftimiahing  us  whai 
are  called  improved  vavietiea  of  flowers  and  trnits.  It  is  in  this  manner 
that  animals,  known  to  have  been  indisputably  of  the  same  original  kind. 
aBsumo  such  different  forms  and  characters  in  various  climates.  It  is 
true-,  we  can  not  expect  in  an  abrupt  manner  to  bring  about  such  strike 
ing  modiHcntJons  in  a  solitary  individual,  for  the  life  of  an  individual  is 
readily  destroyed,  but  not  ao  the  life  of  a  race  :  end  Nature,  carrying  on 
her  oi>eralions  in  the  slow  lapse  of  centuries,  and  deabng  with  races 
rather  than  individuals,  fortes  them  up  to  any  point  of  development  she 
may  desire^  but  still  the  impress  of  the  laws  under  which  they  have  been 
brought  to  that  tontlition  is  upon  tliera,  and  each  betrays,  in  the  embry- 
onic and  fcetal  tbrms,  a  mauile station  of  the  pietftmnrp hoses  throti^i 
which  his  race  has  run. 
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Our  attention  ratght  here  be  directed  to  that  interesting  class  of  pke- 
nomena  known  to  comparative  anatomists  ^nder  lUs  title  of  Kudimentan 
rudimentary  organs — that  is  to  say,  organs  which  exist  in  an  thtT^ntfr- 
apparently  undeveloped  and  useless  condition,  such,  for  in-  preLuiiun. 
Htance,  as.  the  raannuaj  of  tlie  male  mammdian,  or  the  suhcutaneous  feet 
of  certain  snakes — for  these  are  facts  intimately  connected  with  the  sub- 
ject before  ua.  It  looks  as  if  Nature  stopped  short  in  her  attempt  al 
reaching  perfection,  but  it  proves  to  U3  the  constancy  of  the  pkns  on 
which  she  works.  In  the  case  of  the  whale,  which,  though  appiircntlj- 
belonging  to  the  fishes,  is  a  wami-blooded  mammal  and  suckles  it*  young, 
the  general  type  of  its  class  is  observed  even  down  to  minute  particulars  ; 
it  is  the  attribute  of  those  belonging  to  it  that  they  shaU  have  seven  cer- 
vical vertebra;,  and  this  is  equally  the  case  with  the  cameloparJ,  with 
its  long,  graceful  neck,  and  the  mole,  which  seema  to  have  no  neck  at 
all.  In  the  whale,  which  conforms  to  that  general  rule,  the  teeth  are, 
moreover,  found  in  the  jaw,  in  the  earlier  period  of  life,  uncut,  precisely 
as  we  6nd  them  at  birth  in  the  human  infant.  In  this  la^t  Intitancc  wC 
think  we  see  a  wise  provision  and  foresight  of  nature,  which  does  not 
give  to  man  these  masticating  organs  Ijefore  the  time  they  are  wanted; 
but  what  arc  we  to  make  of  the  former  case  ?  Man  is  not  always  a  true 
inteq>reter  of  the  works  of  God.  Shut  up,  as  they  are,  in  the  interior  of 
the  bony  niEias  of  the  Jaw,  never  to  he  developed  and  never  to  be  used^ 
does  not  that  look  to  a  careless  observer  someiiung  like  a  work  of  super- 
erogation? Or,  in  the  case  of  such  snakes  as  the  anguia,  typhlops,  and 
amphisbajna,  why  is  it  that  Nalure  has  placed  under  the  skin  the  bon) 
representatives  of  the  extremities:  the  mode  of  progression  of  tliose  an- 
imals is  by  the  use  of  the  ribs,  and  organs  such  as  feet  are  never  wanted. 

We  may  also  turn  to  the  other  department  of  physiology,  the  vegeta- 
ble world,  and  what  do  we  there  see?  Rudimentary  organs  and  excess 
of  development  are  every  where  presented.  An  attentive  examination 
of  any  tlower  proves  that  we  may  with  tnitii  regard  it  as  a  transformed 
branch,  the  law  of  development  being  such  tiiat  that  which  might  bavi' 
passed  forward  to  the  condition  of  a  branch  has  turned  to  the  condition 
of  a  £ower;  or,  in  still  minuter  particulars,  we  witness  the  sunie  prin- 
ciple: that  which  might  have  evolvet.1  into  a  leaf  turns  inditferenlly,  &e 
circumstances  may  direct,  into  a  sepal,  a  petaX,  or  a  stamen. 

But  13  it  possible  that  there  is  all  this  confusion  and  want  of  precision 
in  the  works  of  Nature?  Not  so.  K  we  consider  rightly,  Arr*nrance of 
we  ghall  come  to  the  conclnsion  that  Nature  never  works  rudimr^nton.- 

,  11-  orifHui  the  ^a- 

contingently,  nor  resorts  to  a  sudden  contrivance  to  tneet  an  sequence  of 
exigency.     All  her  operations  are  carried  forward  under  far-  '"" 
reaching  and  universal  laws.     Tlicse  nidiinentary  and  perhaps  uselese 
organs  come  into  existence  through  a  general  plan,  of  which  tliey  are 
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vntnesiied  to  na,  if  they  subserve  no  other  Aaty.  Thoy  tell  the  same 
great  iact  wLicli  is  eo  Icjudly  proclaimed  by  all  the  ptu^ncmena  of  tlie  rea- 
toration  of  parts  and  renovation  of  tissues,  tliat  the  grouping  of  orga^ 
nized  matter  into  definite  and  special  furrna  is  not  a  wanton  or  chance  ef- 
fect, but  ia  the  direct  and  inevitable  conscg^uence  of  invariable  pliysicftl 
laws. 

Exiwdienta  are  for  the  vaciUating  and  weak^  law  is  for  the  strong.  It 
takes  fi-oin  tlie  merit  of  any  huraan  contrivance  if  the  engineer  ha«  to  be 
conatantly  tanjperirtg  witli  it  to  keep  It  going;  we  admire  the  machine 
tUat  continues  ita  niovements  wilUout  variation  after  it  has  left  ite 
maker's  hand.  I  think  we  c«n  iiave  no  nobler  conception  of  the  groit 
Author  of  the  wonderful  forms  around  us  than  to  regard  them  alU  ihe 
^■egetallle  and  animal,  tlie  living  and  lifeless,  the  earth,  and  the  stars,  and 
the  numberlcBS  worlds  that  are  beyond  our  vision,  as  the  oflspring  of 
one  primitive  idea,  and  the  consequences  af  one  primordial  law. 


CHAPTEE  m. 

OP  THE  ORGANIC  CELL?  ITS  DE\TLOPMENT,  REPRODUCTION,  ASI5  CIT- 
FEltENTlATION  OF  BTRUCTUIiE  AND  iTJjJCTlON. 

Himpii:  and T^urfeiiled  Ceih,'^Thv  Sinifilt  Ctli;  rts  /''rrfs  aid  Fi'ncthni. —  Tit  Weleatut  CtHi 
il*  J'lirla  niiii  fuiiefiojix. — Actirilif  of' iJv  iViir/dw. —  Offifj-  /"orwu  itf' C'^i". —  C'.Us  aritt  kg 
^rlf-orvjiiialion  and  lif/>rorlwttfitt. — BrjiroiitirtioH  lig  SairfrViswjj  rrnii  Enilnrenonstij, 

'Fht  Aitimal  CtiL — FoTOis  of  VtUuiar  Titsue. — forma  of  VuMciJar  Tiltut.- — .S^Wrti/  I'cMl^ 
Lhtrls,  dc 

i)\Jfertntialiau  of  CkUs. — Arqatsiiioa  of  nta>  Fuirrliaai. — Giffertnliatinn  of  thf  Awinill  QU.^ 
Df^idaah  Phijiiail  OMiK*.~IiiJtMiKt  of  Htalond  Aif.^EjiMh  of  iJifftrtfttiatioa. 

The  organic  cell,  which  is  tlie  Btarting-jM>int  of  evray  organism,  reg- 
Siiriitleandnu.  ctablc  or  aniiHal,  coneiats  of  a  vesicle  or  shell,  with  included 
deiUfidwlU.  contents.  If  the  vcificlc  he  of  uniform  thickness  all  over, 
the  cell  is  a  simple  one ;  but  if  there  be  tipon  some  portion  of  it  a  thick- 
ened granular  »]xit,  the  cell  ia  suid  to  be  nucleated. 

The  veaide  of  the  hImI'le  vJiOETAULE  t:t;LL,  more  closely  examined, 
TboBlmple  ^  fountl  to  be  composed  of  different  laminae  or  strata.  The 
yefei-mLLle  <rdl ;  innermoBt,  designated  tlie  primordial  utricle,  consists  of  an 
dcpBDdLnitu-  aKotJKed  HiibAtance,  a  member  of  the  protein  group.  On  the 
chMiae.  exterior  of  tins  pellicle,  and,  ae  it  were,  arising  from  its  sur- 

face, lies  the  cell  wall,  which  aa^es  to  give  protection  to  the  parts  witli- 
in.  The  cell  w*ll  is  not  a  mere  extension  by  thickeni^ig  of  the  primor- 
dial utricle,  as  is  proved  by  its  chemical  constitution ;  for,  though  ii  mar 
yarj  in  physical  condition  from  a  mere  glairy  mucus  to  a  firm  woody 
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texture,  it  uniformly  conBists  of  a  rion-nitrogemEBd  body,  gannny,  amy- 
laceous, or  ligneous.  Indeed*  though  the  vegetable  celt  ia  usually  aaid 
to  have  two  concentric  investitures,  the  nitrogenized  primordial  utricle 
and  the  non-nitrogetiized  wall,  it  33  mom  exact  to  do9cribe  the  Utter  a^ 
consisting  of  several  pellieles,  which  have  been  generated  in  BuccesBton 
from  the  outside  sariiice  of  the  utricle,  and  these  differ  from  one  anotlier 
in  their  physical  qualities,  according  aa  they  are  nearer  to  the  surface  of 
the  utricle  or  nearer  to  tlie  general  exterior,  recalling,  in  thia  respect,  the 
analogous  condition,  of  the  cuticle  under  circumatances  that  are  some- 
what parallel. 

Within  the  primordial  utricle,  the  cell  contents  present  themselves  of 
a  ditterent  nature  and  different  form,  according  as  the  species  of  the  cell 
may  be.  In  different  cases  they  aro  colored  of  various  tints,  and  are  of 
various  conaistency,  more  solid  or  more  liquid.  To  the  cell-eonfcnta  the 
convenient  designation  of  cndochrome  is  given.  Thia  interior  content  is 
not  to  be  nnderatoodas  haring  a  homogenous  conetitulionj  since  sometimes 
even  its  colored  portions  arc  separated  out  and  arrnnged  in  dots  or  spiral 
Ibiei,  wMcli  are  very  distinct  from  the  remaining  uncolored  material. 

The  active  portion  of  such  a  cell  consist^  ofllic  lUride  &nd  endochrome 
conjointly,  the  cell  wall  only  discharging  a  mechanical  oflice,  In  the 
einiple  cell,  all  parts  of  the  utricle  appeal'  to  be  endowed  with  equal  pow- 
er for  carrying  on  the  funclions  of  the  organism. 

But  in  thoae  cells  which  poaaesa  a  nucleus,  the  cnei^  is  no  longer  dif- 
fused with  uniformity,  the  nucleus  concentrating  much  of  ^  leAtdetl]- 
the  powei"  in  itself,  and  serving  as  a  centre  of  activity.  Its  nctivity  of  Ub 
nitrogenized  constitution  indicates  that  it  ia  in  relation  with  """^"^• 
the  primordial  utricle,  and  not  with  the  cell  wall;  a  conclusion  whicli  is 
corroborated  by  its  physiological  activity,  as  also  by  the  fact  that  in  those 
nucleated  cells  which  exhibit  currents,  the  nucleus  appears  to  be  the 
starting-point  from  whieh  they  diverge  in  vaiious  directiona. 

There  arc  subordinate  species  of  cells,  as  the  spiral  and  the  dotted. 
These  exhibit  points  of  re-cnforccraent  or  thickening,  such  giihordinjiif 
as  tlie  appearance  of  ii  thread  wound  spirally,  or  in  dots  hero  ^"""^  "'  '^'^""■ 
and  tliere  on  tlie  interior  of  the  wall.  There  would  seem  to  be  a  tend- 
ency during  the  development  of  a  cell  for  these  parts  to  assume  a  spiral 
arrangement.  Even  the  cndochrome  shows  this  pecidiarity,  the  green 
material  being  often  arranged  in  a  spiral  course  on  the  interior  of  the  cell. 

Tlius  constituted,  each  cell  runs  through  a  definite  cycle  or  career,  hav- 
ing its  moment  of  birth,  its  ]>eriod  of  maturity,  its  time  of  death.  Dur- 
ing its  mature  life  it  discharges  with  activity  the  special  tiuiction  to  which 
it  is  devoted,  Irat  in  so  doing  becomes  eventually  worn  out  and  old. 
The  period  of  activity  of  cells  of  dit^'orent  species  is  very  dilferent,  fioiuc 
paesing  away  quickly,  and  others  having  a  longer  duration. 
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The  commencement  of  cells  is  either,  1st,  by  relf-originatioa,  or^  2d, 
oiirin  ^J[<^^a   ^^  reproduction,     lat.  Cells  arise  in  an  obscnre  manner  from 
byadtarigiiiB-  homogeneous  pflrticlea  floating  in  a  protoplaama,  which,  talt- 
'  ing  on  development,  have  a  veaitle  throHti  over  them,  and, 

being  of  a  spherical  shape,  present  the  aspect  of  a  cell  wall  and  cavity. 
The  granular  content  by  degrees  increases  a&  the  young  cell  grows  in  all 
its  dimenfiions.     From  that  granular  content  new  cells  tnay  arise. 

Though  this  process  is  spoken  of  as  one  of  Belf-origination,  it  is  quite 
probable  that  tlie  spherical  and  homogeneous  particles  floating  in  the 
proto[>ia3raat  and  which  were  the  points  of  origin  of  the  cells  that  hare 
jirisen,  were  themselves  nothing  more  than  germs  which  had  been  pre- 
pared by  an  antecedent  generation  of  cells.  This  is  tlie  opinion  com- 
monly etilertained  of  their  nature,  though  its  truth  has  never  vet  been 
demonstrated  by  actual  observation.  It  is  adopted  because  of  its  proba- 
bility, for  we  usually  observe  that  every  new  organism  is  the  descendant 
of  an  older  one ;  yet  it  should  not  be  foi^tten  that  there  must  have  been 
a  time  when  tlie  first  organic  cell  arose  from  inorganic  material,  and  it  is 
not  unphilosophicaJ  to  suppose  that  what  must  have  occurred  once  may 
occur  again. 

Origin  ftf  cell*  2d.  CcIls  are  reproduced  from  antecedent  ones  of  the 

iiy  reproducUpn.  game  kind  by  subdivision,  by  budding,  by  eJidogciioiis  gen- 
eration. 

Tfie  reproduction  of  cells  by  suftdivision  is  Btrikingly  illustrated  by 
Reptoiiuctruti  thellsematococcusbinatis.  The  manner  of  theprocej5s  seems 
bysuiiiiii-Uion,  fg  bg  as  follows.     Tlw  endochrome  of  the  original  spherical 

cell,  a,  I^ig.  230,  begins  to  undergo  bi-par- 
tition  as  at  A,  and  aa  the  dividing  portions 
recede  from  one  another  the  primordial  utri- 
cle bends  round  them.  2sext  a  layer  of  per- 
manent cell  wall,  of  a  mucous  character  on 
ita  exterior,  is  produced,  which  accompanies 
the  intiection  of  the  primordial  utricle  aa  at 
c,  and,  after  a  while,  the  bi-partition  is  com- 
plete, and  tlic  separated  portions  constitnte 
distinct  individual  cells.  The  subdivision 
may  be  repeated  as  at  d.  The  e*at  of  the 
primary  action  is  said  to  be  in  the  endo- 
chrome ;  but  of  this  there  may  be  reasonable  doubt,  since  generally  the 
primordial  utricle  is  the  place  of  energy  of  the  cell ;  and  where  nucleated 
cells  undergo  multiplication  by  this  process  of  fissure,  the  nucleus  di- 
vides along  with  the  endochrome,  so  lliat  both  the  resulting  portions  pos- 
sess a  part  of  it.  Bui  if  the  utricle,  with  its  nucleus,  was  inert  daring 
this  operatioti,  it  would  seem  that  the  vesicle  sliould  tear  any  ■whcjc 
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rather  than  through  that  tliickencd  and  stronger  place.  Tlie  phenomena 
are  equally  well  accounted  for  by  imputing  the  first  action  to  the  utricle 
itself,  which,  exerting  a  eonatrictjve  presaiire  upon  the  endochromc  in  the 
direction  of  one  of  the  great  circles  of  the  cell,  divides  it  in  the  manner 
that  wc  see. 

This  process  of  iQultipIicaticiii  ia  exhibited  in  Fig.  231,  in  Conferv.' 
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glomemttt,  which  consists  of  a  system  of  cells  arranged  in  a  filament*  At 
A  two  s.tate3  are  shown,  complete  partition  at  h-,  and  incomplete  at  a  ;  at 
B,  C,  D,  the  successive  steps  of  partition,  a  Wing  the  primordial  utricle, 
ff  the  endochrome.  c  cell  membrane,  d  mucous  inTcstment.  At  E  the 
primordial  utricles  are  separated,  and  the  cell  membrane  intervenes.  At 
F  the  membrane  is  completed  so  as  to  esliihit  lamina?. 

The  cells  which  have  thus  arisen  by  subdivision  soon  grow  to  the 
size  of  the  one  from  which  they  were  derived,  and  are  ready  for  subdi- 
vision in  their  turn.  Indeed,  it  often  happens  that  ti-aces  of  incipient 
subdivision  may  be  detected  long  beibre  tlie  cell  has  reached  its  mature 
dimensions. 

Tki;  repinditctton  of  (xUs  hy  buddmg  may  be  illustrftted  by  tlie  vesi- 
cles of  the  yeast-plant ;  and  thouglt.  in  those  cases  in  which  the  budding 
cell  possesses  a  naclcus,  the  nucleus  is  not  necessarily  involved,  yet  the 
conclusion  indicated  in  the  preceding  paragraph  ia  greatly  strengthened, 
for  we  must  clearly  attribute  the  result  which  now  tJikee  place  to  an  in- 
creased nutrition  of  tJie  primordial  utricle  upon  a  restricted  portion  of 
its  surface,  and  not  to  a  distention  arising  from  a  pressure  of  the  endo- 
cEirome  witliin.  So  closely  does  this  resemble  the  preceding  niotle  of  re- 
produciioti,  that  they  are  commonly  said  to  be  really  of  the  same  kind, 
Or»  rather,  to  offer  no  otiicr  distinction  than  this,  that  in  the  fc^rmer  the 
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ceU  dividcB  into  portions  which  are  eensibly  equal,  in  thia  into  unequal 
parts^ 

Ceils  are  aai^  to  arise  firom  endogenous  generation  when  th^^r  make 
EndoKenous  *'*^"'  ^^'^^  appfcaraiice  in  tliC  cavitj-  ol"  a  t'ormer  cell,  of  which 
p-aersLbuof  the  eiidochronie  exhibits  a  diaposition  to  divide  into  mmy 
*■     '  email  portions,  at  first  doahtfuUy,  then  more  distinctly,  ami 

each  one  of  these  portions  obtaining  s.  covering  investiture  or  primordial 
utricle  for  itself.  The  proceaa  continuea  until  the  young  brood  of  cells 
has  reached  a  certain  degree  ot*  perfection,  when  they  escape  from  iheir 
confiiiemcnt,  cither  by  the  fissuring  or  deliquescence  of  the  old  Cell  waiL 
The  young  cells  may  now  lead  an  independent  U(e  and  grow  rapidly. 
In  this  manner  zoospores  atiee,  which  are  young  cells  Jiaving  for  a  time 
a  power  of  locomotion,  from  cilia  which  have  been  developed  from  their 
walls,  or  for  other  reasons. 

TAe  reproduction  of  (vlls  hi/  endogmous  generaticm  is  commonly  at- 
iributed  to  an  action  arising  in  the  endochrome  which  brings  on  its  sub- 
division into  portions.  From  the  fact  timt  these  portions  are  eventually 
found  clothed  with  a  primordial  utricle,  we  might  be  led  to  suspect  that 
the  original  seat  of  the  action  ia  in  this,  ag  in  tlie  preceding  coses,  thai 
portion  of  the  original  cell  wbiclj,  undergoing  projection  internally,  di- 
vides the  endoclu-ome  and  incloses  the  portions  in  its  meshes.  8ucli 
m  em  bra  nous  projections  may  be  difficult  of  detection  in  the  lirat  instance, 
because  of  their  extreme  tenuity ;  nor  is  tlie  fact  that  the  zoospores 
move  tVecly  in  the  cavity  of  the  mother  cell  just  before  their  escape  at 
all  in  contradiction  to  thia. 

The  ANiJLiL  CELL  presents  a  structural  arrangenient  diflering  from 
Pepuiinrityof  the  Vegetable  in  this,  that  it  does  not  possess  a  proper  cell 
tbvftiiiRiuU-E'SI.  -wall,  but  consists  of  a  primordial  utricle  and  interior  con- 
teait  alone.  Its  manner  of  reproduction  is  of  three  kinds:  1st.  From 
germs;  2d.  By  Assure;  3d.  Endogenously.  "Where  animal  cells  orig- 
inate from  germs,  these  seem  to  be  granules  of  a  substance  analog;oiis  to 
fibrin,  wliich  arc  floating  in  the  formative  liquid.  In  duplication  by  sub- 
division, the  import  of  the  nucleus  is  shown  by  the  fact  that  the  action 
b^ns  at  it.  It  may  be  said  of  animal  cells  tjiat  the  imcleiig  matntuns 
a  more  conspicuous  relation  than  it  does  in  the  case  of  vegetable  ones, 
Beproduction  m  tlie  endogenous  manner  is  carried  foru'ard  in  the  case  of 
these  cells  in  the  manner  described  in  a  preceding  paragrapli. 


OF  TOX  COBaTROCnOH   OF  CHLLrLAK  ASD  Vl-SCITLAB  TUBIJEi. 

By  their  development  and  juxtaposition  with  one  another,  cells  give 
„  „  ,    ,.         rise  to  cont  iimous  fabrics  of  >-arious  kinds,  or  cellular  tissue, 

tJCJluikrlitBU?, 

lu  Tviow        If  the  dcvctopment  of  new  cells  occurs  in  a  i>]Mice  where  there 
is  freedom  from  preasore,  tlie  ceils  maintain  their  original 


fi>m>, 


CELLULAB  TlSStlE:. 


497 


^f 


>J„ 


tc-..^m 


spherical  fomi,  as  Been  in  the  pliotograph,  J^iff.  232.     But  should  tli'Er 
WjT.  ?»9.  development  occnr  in  a  confined  s[>ace, 

or  under  circumstances  of  pressure,  the 
intercellular  spatea  which  necestiarily  ex- 
ist in  the  former  case  by  reason  of  the 
spherical  shape,  are  nonrencroachc-clupoii, 
and  the  cells  aasume  various  angular 
furms,  fiudi  as  parallclopipedons,  rhom- 
bic dodecaliedrona,  &c.  Of  the  former 
we  have  an  esample  in  Ihe  photograph, 
J"^^-  233,  which  represents  a  section  of 
^^W'jjr^^  nmrlform  cellular  tissue.    In  other  cases, 

■""^^llgiia/' "  ^'i^h  a  view  of  giving  resistance  to  prcss- 

ain.pi«tBUBi«ib™B.ii»fQiii«iWdi«n«ic™.  „j^^  ^tjg  iutcrior  of  each  of  the  cells  is 

fortified  "by  a  fihre,  and  thus  arises  the  tlasuc  of  which  we  have  an  exani- 

/■"I.  233. 
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pie  in  the  photograph,  l^tg.  234.  Two  or  more  fibres  may,  in  this  man- 
ner, be  employed,  and  when  such  is  the  case*  it  is  observed  tliat  tEiey  do 
not  cross  one  another,  the  one  winding  frouj  right  to  left,  the  other  from 
left  to  right,  but  they  arc  hud  pai-allel  to  each  other,  and  form  a  com- 
pound strand.  In  other  cases  the  constituent  cells  of  the  tissue  assume 
much  more  complicated  forms,  as,  for  instance,  in  the  stellate  variety. 
These  more  complicated  forms  prove  that  it  is  not  altogether  tlu-ough 
the  influence  of  a  force  of  compression  that  cells  assume  modified  shnpes. 
but  that  on  many  occasions  the  disposition  of  their  primorJial  utricle  to 
brancli  in  various  directions,  of  which  mention  has  been  made  in  a  pre- 
ceding paragraph,  is  the  true  cause  of  the  variations  in  question. 

Thifl  disposition  to  grow  spontaneously  in  one  direction  rather  than  in 
another  ia  the  cause  of  the  production  of  the  different  kinds  of  vascular 
tisane.     A  cell  undergoing  extreme  elongation  in  one  direction,  either  by 
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VuculttrtiisuD  '^^^on  of  this  quality  of  its  primordial  utricle,  or  through  un- 
wid  »■  cuoJiiu  equa]  nutrition,  or  other  cause,  gives  origin  to  a  tube.  And 
it'>  of  several  cells  thus  elongated,  and  placed  end  to  end  on 
each  other,  the  terminal  portions  should  be  obliterated  either  by  rup- 
ture or  absorption,  a  vessel  permeablG  throughout  is  the  result.  In  this 
manner  vascular  tissue  arises.  Tliese  vessels  still  exhibit  the  structnral 
jwculiarity  o(  the  cells  from  which  they  have  originated  in  tliia,  that  they 
may  be  Ibrtified  in  their  interior  with  fibres  wound  in  a  spiral,  and  so 
constituting  a  spiral  vessel ;  or  wound  in  rings,  and  forming  aunular 
ducts.  In  like  manner,  througii  similar  inodifieations,  the  varieties  known 
as  reticulated  and  dotted  ducts  arise.  In  these  fibro-vascular  tissues  it 
frequently  hajipens  that  the  fortifying  thread  is  double  or  even  quadm- 
[)le.  Of  spiral  vessels  derived  from  a  cactus  we  have  an  example  in  ihe 
photograph,  J^if/,  235,  and  in  those  from  the  banana  in  that  of  J^'Vy.  236. 
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Tlic  spiral  vessels  of  plants  eonfain  air.  Other  tubes  are  for  the 
Spiral  vessels,  couvcyance  of  liijLiid;  the  laticifcroua  vessels,  for  example. 
V«wl.''o?L  -B-hich  are  brancliing  tubes  f,,,.  sst. 

uifera.  for  transmitting  the  latex 

of  plants.  Again,  in  other  cases,  the 
interior  of  tlic  vessel  la  more  or  le*s 
completely  tilled  up  by  a  gradual  de- 
posit of  solid  material^  it  being  in 
this  manner  that  proper  woodv  fibre 
ig  formed  from  long,  spindle-shaped 
(■ells.  Vascular  tissue  in  coniferous 
plants  presents  a  peculiar  dolled  as- 
jjcct  from  disc-like  fnrms,  e.xhibitiug 
a  pair  of  concentric  circles,  which  are 
set  at  regular  intervals  upon  it,  as 
shown  in  tlie  phofngrnph, /'/y.  2;^T,       ivoo,i,st.r.ori.iu,,m.«„iii,  j  ^-^auiaa*™. 
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which  is  dotted  woody  fibre  from  pine.  The  circular  discs  or  gUnda  mn 
in  single  rows  except  in  One  plfice,  wbere  a  double  row  ia  seen.  AmoDg 
trae  living  pines  more  than  two  rows  are  not  met  w)t!i.  In,  the  Araaca- 
ria  tbtj  rows  are  sonietiinea  triple  or  even  quadruple. 

Animal  vascular  tissue  ariaea  in  the  same  manner  ns  vegetable,  by  the 
conjunction  of  elongated  cells  and  the  oblilcration  of  their  „  ,,  . 

terminations.  Tlie  pbysiologicai  purpoaes  these  vessels  sub-  whito  flhreu* 
serve  are,  as  in  the  other  inBtance,  lUe  conveyance  of  gases  or  "*" 
liquids.  Hut  fibres  may  foi^m  in  unimnl  labrtcs  without  the  previous  in- 
lemiedium  of  cells,  either  directly  from  fibrin,  the  parts  of  which  possess 
the  quality  of  agglutinating  into  tiireads,  or  irom  the  coalescence  under 
like  circuraslances  of  substances  allied  to  gelatine,  which  yield  the  varie- 
ties of  fibrous  tissue  known  respectively  as  the  yellow  and  the  white, 
the  former  being  composed  of  branching  filaments,  as  seen  in-Fiff.  238. 
It  13  nnacted  upon  by  warm  acetic  acid,  and,  from  its  extraordinary  elfts- 

X 


,J\, 


\f 


"-^ 


^J 


YeUsv  flbrouB  UiBUB.  ini^'nlBLil  BOO  dlimelcn,       WhJle  fibmiu  UnGpe,  iii>enlAi:d  3UD  dUmclcm 

ticity,  13  used  wherever  that  qualttj'  is  required.     The  letter,  which  is 
represented  mFig.  239,  shows  strands  of  a  wavy  appearance:  it  is  inelas- 
Ptp.  ?in  tic,  softens  under  the  action  of  acetic  acid, 

being  thereby  distinguished  from  the  pre- 
ceding, and  is  employed  on  account  of 
its  tenacity  where\'er  resistance  to  extcn- 
sioni  is  required,  as,  for  example,  in  the 
ligaments  of  the  joints.  The  solid  ani- 
mal tibre.3  are  therefore  employed  where 
phvsical  qualities  are  necessary,  the  hol- 
low tubes  for  organic  processes.  By 
some  physiologists  it  is  believed  that 
both  yellow  and  white  fibrous  tissue  arise 
from  cells. 

Areolar  or  connective  tissue.  Fig.  240, 
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ia  composed  of  tbe  two  preceding  elements,  tlio  yellow  and  white  fibrous, 
interwoven  with  each  other  so  as  to  constitute  a  jiorous  structure,  with  a 
multitude  of  intercom nmnicnting  spaces.  It  is  to  be  understood  that 
these  interstices  are  whoUy  diatinct  from  cells;  hence  the  inapplicability 
of  the  terra  ceilularj  aometimea  employed  for  this  tissue.  Areolar  tissue 
is  employed  tor  uniting  the  various  animal  parts.  Its  mtcrspftces  are 
Bil&J  with  Q  fluid,  which,  when  in  excess,  is  spoken  of  as  dropsical  eSa- 
eion.  Air,  artilicially  or  accidentfiUy  introduced  at  any  point  into  it,  may 
pass  to  every  part,  aa  is  illustrated  in  cases  of  emphysema.  The  speci-  h 
men  from  wliich  the  iigurc  is  taken  was  in  this  manner  inflated.  | 

By  the  differentiation  of  cells  is  meant  the  assumption  of  a  variatici) 
Diffcronttation  '"  their  Structure  from  which  follows,  as  a  consequence,  tlie 
of  cells.  capacity  of  discharging  new  fiinctiona.     When  tlic  red  snow- 

alga  multiplicsi,  as  previously  described,  each  of  the  young  cells  i^sem" 
hlcfl  that  from  which  it  was  derived  in  gtructare,  and  discharges  a  simi- 
lar office.     In  Buch  a  case  there  is  development,  but  not  ditterentiation. 
When,  oa  the  contrary,  a  lichen  grows  on  a  rock,  though  the  original 
tendency  in  development  may  have  been  for  the  production  of  cells  from 
tho  first  germ  absolutely  similar  in  all  directions,  yet  the  circumatAnces  ^ 
of  growth  arc  sucli  that  very  soon  the  physical  conditions  under  wlucb  H 
the  cells  of  different  parts  of  the  growing  mass  are  generated  become  dif-       ' 
ferent     Those  which  are  next  to  the  rock  are  screened  by  the  aupcrin- 
cumbent  ones  from  the  sunUght  and  the  air;  they  are  therefore  develt^ 
ed  tn  a  comparative  obscurity,  and  in  the  presence  of  moisture  holding  in 
A«iuiaiti*n  of  solutiou  inorganic  salts.     Under  such  circumstances,  it  is  tO' 
new  fuiictioiTi-  \^  expected  thai  a  modification  will  ensue  in  their  constmc- 
tion,  and  that  they  will  be  different  from  those  whicli  arc  developing-  o& 
the  exterior  in  contact  with  the  dry  air ;  and,  since  a  change  of  structure 
invariably  impliea  a  change  of  ftmction,  we  might  expect,  as  in  reality  is 
ihe  case,  that  the  outer  cells  are  for  the  obtaining  of  carbon  from  the  air, 
being  acted  upon  by  tbe  sunlight,  and  the  under  eeUa  for  procuring  moist- 
ure and  such  saline  substances  as  may  he  wanted  from  tbe  rock  surface 
below.     In  such  a  case  as  this  there  ia  a  differentiation  both  of  stmctore 
and  of  function. 

Structural  differentiation  ia  to  be  received  as  tho  cauBC  of  functional 
DiiTcn-tiiiiktion  differentiation,  which  is  its  consequence.  The  former,  in 
inawguiurse.  evciy  instance,  arlscs  from  the  changed  circuraatances  undor 
to  I*  iieierttt-  ivwcli  cells  are  bemg  generated,  and  it  this  change  ol  cucam' 
inrfbyUw.  gtsnces  follows  a  regular  order  or  sequence,  (he  differentia- 
tion will  assume  the  appearance  of  being  guided  by  a  fixed  law.  Many 
physiologists,  who  have  not  been  disposed  to  accord  to  pliysicid  agenla  a 
due  influence  in  this  respect,  have  therefore  imputed  to  the  developing 
cell  a  power  or  property  of  spontaneously  pursuing  a  determinate  cancx. 
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It  is  clear  that  the  facta  are  capable  of  interpretation  either  upon  the  doc- 
trine that  external  conditions  guide  er  compel  the  cell  in  its  development- 
al career,  or  that  it,  hy  reason  of  an  innate  |)Ower,  spontaneously  pursues 
a  determinate  course  in  spite  of  them;  determinate,  because  that  power 
is  acting  under  a  law.  The  mixed  doctrine,  which  iniputes  the  career  of 
development  in  part  to  the  innate  power  of  the  cell,  and  in  part  to  the  in- 
fluence of  extcrnnl  conditions,  it  is  needless  for  us  here  to  conaider. 

No  douht  can  be  entertained  of  t!ie  fact  that  a  cell  or  congeries  of  cells 
will  diflcrentiate  when  snbraitted  to  new  physical  conditiona  wliJIe  in  the 
act  of  development.  Thus  certain  lichens,  pass  into  forma  analogous  to 
algie  if  the  normal  conditions  of  their  production  be  reversed — if,  instead 
of  developing  in  places  that  are  dry  and  brightly  illuminated,  they  are 
supplied  with  moisture,  and  made  to  grow  in  obscurity;  and,  in  like  man- 
ner, some  of  the  liingi  will  simulate  algai  if  they  are  compelled  tO  vege- 
tate in  water. 

The  separation  of  the  organ  for  the  reception  of  water  and  that  for  the 
reception  of  carbon,  which  is  firBt  shadowed  forth  in  the  under  and  outer 
surface  of  the  lichens,  is  manifested  in  perfection  by  highly-developed 
plants,  in  which  the  root  discharges  the  former,  and  the  leaves  the  latter 
duty,  and  these  are  separated  widely  apart  ftom  each  Other  by  the  as- 
cending axis  or  stem. 

The  remarks  here  made  respecting  plants  might  be  repeated  as  re- 
gards animals,  which,  during  their  development»  exhibit  the  pjflprentiaum 
principle  of  differentiation  even  in  a  more  stinking  way.  uf  ibe  animal 
Thus,  in  the  protozoa,  as  in  the  protophyta,  cells  undergo  **  ' 
duplication,  and,  by  development  in  new  positions,  or  under  changed  cir- 
cumstances, exhibit  differentiation.      The  trivial  circumstances  under 
which  new  functions  are  assumed  are  well  shown  in  Trembley'a  experi- 
ments with  the  hydra.     This  polype,  which  is  nothing  more  Eiperimenn 
than  a  gastric  sac  furnished  with  prehensile  tentaclea,  re-  ^it'ithehyifam. 
spires  on  its  outer  surface  and  digests  on  its  inner;  but  so  closely  arc 
these  functions  blended  together  that,  if  the  animal  l>e  turned  inside  out. 
the  surface  that  did  respire  will  now  digest,  and  that  which  did  digest 
will  now  respire.     Indeed,  we  may  in  an  ideal  manner  con-  ^^^^  mtfena- 
ceive  of  the  production  of  the  more  elementary  animal  forms  liaiion  of  ani- 
as  arising  from  a  simple  sac  or  bag,  which,  furnishing  a  start- 
ing-point, exhibits  its  first  acquirement  of  localization  of  fanction  by  the 
doublingof  one  half  into  the  other,  thereby  giving  rise  to  a  cup  or  pocket 
shaped  form,  so  that  respiration  nnd  digestion,  which  were  confusedly  and 
conjointly  carried  forward  u]]on  the  Mime  surface,  are  now  parted  from 
each  other,  the  outside  of  the  cup  being  devoted  to  the  one,  and  the  in- 
side to  the  other.     Increased  endowments  are  obtained  by  crimping  or 
dividing  the  edge  of  the  cup,  prehensile  organs  of  less  or  greater  lenglij 
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and  power  thereby  arising;  and  this,  in  reality,  is  the  structiire  of  the 
hydra  just  alhided  to.  Another  advance  is  made  by  Ihe  preparation  of 
ncTP  and  complicated!  alructurea,  fashioned  out  in  the  substance  between 
the  inner  and  the  outer  wall,  and  in  this  niEumer  arise  the  various  mccli- 
anisms  tor  respiration  and  reproduction.  Such  a  state  of  things  is  pre- 
sented by  the  Actinia. 

It  will  be  found,  when  vre  describe  the  development  of  the  blgber  ani- 
indiTiciiiBliind  mals,  that  a  paraUelism  is  observed  between  the  cm-ecr  of 
racedevcigp-  g^^pf^  individual  and  that  of  the  BDries  to  whieh  it  belongs. 
mills  Ly  ditftr.  The  e\idence  finniahed  by  natural  history  and  palH?ontolag}' 
emiition.  proves  that,  in  the  development  of  animal  epeciea,  there  has 
been  an  orderly  progress,  not  ao  much  from  those  of  a  lower  to  those  of 
a  higher  form,  as  from  the  general  to  the  special ;  a  gradual  parting  out 
of  stnictures  and  fonctiora  that  were  otiee  com  mingled  and  coalesced,  &ii 
eUboration  which  may  be  attributed  either  to  a  melioration  of  the  cir- 
cumstances under  which  species  were  aucceasivcly  forming,  or  to  the 
innate  power  possessed  by  the  organic  structure  itsclL  Even  at  the  pres- 
ent time  our  knowledge  of  the  order  of  geological  change  is  sufficiently 
exact  to  enable  us  to  institute  an  inquiry  into  the  proliability  of  the  cor- 
THflfcrenHaUon  rectnesB  of  each  of  these  hypotheses,  u[>on  the  principle  that. 
<iepoa  son  ajnce  there  tg  that  parallelism  between  the  career  of  indiTid- 
« unisiu.nic«a.  ual  development  and  race  development,  there  should  also  be 
an  analogy  in  the  physical  circumstances  under  which  they  have  taken 
place.  Among  conditions  in  animal  development,  two  prominent  ones 
may  be  mentioned  ;  they  are  the  degree  of  temperature  at  which  the  pro- 
(■esB  is  carried  forward,  and  the  quahty  or  nature  of  the  medium  supplied 
for  respiration.  No  doubt  can  now  exist  that,  aa  regards  the  former, 
ihere  has  been  a  gradual  diminution  from  the  early  times,  and  tlial,  as 
respects  the  latter,  the  quantity  of  oxygen  furnished  in  the  mcilinm  of 
respiration  has  been  increased.  It  has  long  been  observed,  in  a  general 
way.  that  there  is  a  correspondence  between  the  activity  of  respiration 
and  the  degree  of  animal  endowment,  both  aa  regards  the  individual  and 
the  race.  The  provision  made  for  the  more  perfect  conduc- 
tion of  tlie  process  from  the  moment  that  the  embryo  exhibits 
any  arterial ization  of  its  blood,  is  always  attended  with,  if  it 
i^  not  the  cause  of,  increasing  animal  power.  The  supply  of  oiygen  at 
I  he  first  period  is  very  imperfect,  but  instrumental  means  are  introduced 
in  succession  to  increase  the  amount.  When  a  mere  membrane  has  be- 
I'ome  insufficient  to  meet  the  requirements,  branchiaj  are  resorted  to,  and 
these,  in  their  turn,  are  replaced  by  lungs.  In  a  double  way,  therefore, 
iUi  increased  supply  is  Becured^  by  alterations  in  the  mechanism  obtain- 
ing it,  which  gradually  becomes  more  and  more  adapted  to  the  end  in 
view,  or  by  variations  in  the  chemical  constitution  of  the  medium  which 
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turpislios  it-  TWs,  in  the  development  of  a  tnammal,  the  first  and  lirn>- 
ited  sujjply  of  oxygen  is  irom  the  portion  contained  in  the  liquiils  of  thf 
ovum  ;  a  far  more  copious  one,  at  a  later  }xiriod,  is  derived  from  the  pla- 
centa! mtdiatiism  ;  but  these  subordinate  statea  cventnally  give  plat^e  to 
the  direct  respiration  of  the  open  atmospheric  air.  As  this  gradual  mareh 
in  the  evolution  of  the  respiratory  function  is  going  forward,  JE  is  attend- 
ed by  a  corresponding  development  of  all  the  animal  capabilities. 

So,  too,  on  the  great  scale  with  genera  and  species-  In  the  impure  at- 
mosphere of  the  earliest  geological  limes,  it  was  not  possible  that  energet- 
ic respiration  could  bo  carried  on  either  by  aquatic  or  by  aerial  anininls. 
Both  may  be  included  in  the  remiuk,  for  it  is  demonstrable  that,  on  ordi- 
nary physical  principles, there  must  ever  be  a  correa|K>ndence  between  the 
chemical  constitution  of  the  atmospheric  air  and  the  gaa  of  respiration 
dissolved  in  the  sea,  or  other  natural  waters.  Abundant  geologieaL  evi- 
dence jg  before  us  to  the  eft'cct  tliat  the  entire  respiratory  medium,  both 
ntmcsplieric  and  aquatic,  has  passed  lilirougli  a  gradual  itmelioration,  the 
ptircentago  amount  of  its  irrespirable  elements  declining,  and  that  of  its 
oxygen  correspondingly  increasing.  Tlie  removal  of  those  prodigious 
masses  of  carbon  deposited  as  coal  satisfactorily  establishes  this  point ; 
and,  tfierefore,  as  far  as  that  medium  is  concerned,  there  is  a  general  re- 
semblance between  the  conditions  under  which  the  entire  animal  BCiies 
and  the  single  individual  have  been  placed. 

Wc  might  include  in  these  remarks  the  vegetable  as  well  as  the  ani- 
mal series ;  ftfl",  as  respects  flowering  plants,  it  is  the  special  function 
of  tlieir  floral  or  reproductive  apparstus  to  discharge  at  a  parlicular  epocli 
the  functions  of  an  animal  in  taking  oxygen  from  the  air,  and  replacing 
it  by  carbonic  acid.  Tliere  would,  tlierefore,  be  no  canee  for  surprise  if, 
in  that  ancient  carbonated  atmosphere,  crT,'p(ogamic  plants  alone  could 
maintain  themselve3,/ind  that  the  flowering  tribes  eould  only  appear  after 
a  duo  change  in  the  aerial  constitution,  which  also  gave  to  hot-blooded 
animfJs  the  opj>ortnnity  of  coniiiig  forth.  That  change,  as  wc  Iiave  said, 
consiatcd  essentially  in  the  appearance  of  a  great  excess  of  oxygen  gas. 
Such  a  superfidal  exarainarion  of  the  question  shows  that  there  is  a  par- 
allelism between  the  physical  conditions  under  whidi  (he  animal  fieriea, 
in  tiio  lapse  of  countless  centuries,  has  been  placed,  and  those  to  which, 
in  the  shorter  period  of  its  history,  the  developing  individual  is  submit- 
ted, at  least  as  respects  the  respiratory  function.  But  it  is  to  bo  re- 
membered that  reapiratioTi  is  the  prime  function  in  the  animal  economy. 

As  regjirds  the  influence  of  beat,  it  has  been  remarked,  in  the  preceding 
chapter  that,  at  the  period,  of  the  first  appearance  of  organic  jnftuonw  of 
forms,  there  was  not  only  a  high,  but  likewise  a  uniform  tem-  *'^*'- 
perature  all  ovtr  the  globe.     The  evidence  establiBhing  this  is  already 
i;iven  ;  but  if  thus,  in  what  might  be  temiol  the  infancy  of  the  organic 
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aeries,  such  jk  perfect  unifoimity  in  the  condition  cf  temperature  obtain- 
ed, the  same  is  often  observed  in  the  first  periods  of  individual  develop^ 
ment.  The  cireumatances  under  which  the  oviim  commenties  its  career, 
even  in  the  highest  tribes,  insure  for  it  a  perfect  relief  from  every  varia- 
tion of  heat.  Included  in  the  hody  of  the  female,  it  is  cut  off  from  all 
external  causes  of  disturbance,  and  kept  at  the  teinpcratnrc  of  her  body, 
whatever  that  temperature  may  be.  In  those  cases,  as  in  birds,  in  whicli 
the  embryo  is  developed  under  circumstances  of  necessary  exposure,  a 
Btrong  instinct  is  called  into  operation,  and,  by  the  incubation  of  the  pa- 
rent, the  necessary  uniformity  is  secured.  Agaio,  in  other  Instances,  as 
in  the  ova  of  uiaects,  wliich,  by  reason  of  their  minutenesa  and  their  fre- 
quently es|M)sed  position,  although  they  may  run  through  their  earlier 
changes  with  relatively  great  rapidity,  some  accomplishing  them  in  the 
almost  uniform  -warmth  of  a  summer's  day,  development  never  does  nor 
can  occur  until  the  required  condition,  even  it'  it  be  temporary,  as  to  uni- 
formity of  temperature,  is  reached. 

These  considerations,  though  not  affording  an  absolute  proof  that  the 
career  of  development  ia  guided  by  the  influence  of  external  physical 
conditions,  are  aufficicntly  significant  to  cast  an  air  of  probability  over 
that  doctrine;  and  even  if  wc  adopt  the  view  that  the  developing  germ 
posaesaes  aplastic  power,  which  spontaneously  compels  it  to  run  fonrard 
from  stage  to  stage  in  a  predestined  career — if  we  recall  what  has  already 
been  eaid  respecting  that  plastic  power,  that  perhaps  it  is  itself  nothing 
more  tlian  a  manifestation  of  the  remains  of  antecedent  physical  impres- 
sions, wc  are  really  brought  back  to  the  same  starting-point;  and,  under 
any  hypothesis,  we  encounter,  sooner  or  later,  as  a  necessary  postulate, 
the  grand  doctrine  tliat,  directly  or  indirectly,  development  is  a  function 
of  external  physical  condition. 

It  ia  tiot  to  be  supposed  that  differentiation  takes  place  with  equal 
Epochs  or  dif-  ease  at  all  jieriods  of  the  history  of  organic  forms,  whethei 
fcnjuiiftiiun.  -^q  consider  lliem  in  the  great  scale,  as  constituting  the  ani- 
mal scries,  or  on  the  small,  in  the  individuaL  Tlicre  are  undoubtedly 
epochs  in  each  of  their  Iilstories  at  which  the  eaertion  of  an  extcnml  in- 
fluence will  produce  an  effect  infinitely  greater  than  tluit  whtdi  would 
occur  at  any  other  moment-  If  we  may  be  permitted  to  use  such  a  me- 
chanical illustration,  the  career  of  an  organism,  recalls  the  flight  of  a 
Jieavy  projectilq,  as  a  shell,  tlirown  upward,  which,  at  the  first  monientB 
of  its  ascent  and  the  last  of  its  descent,  pursues  its  way  irresistibly,  but 
when  it  is  at  the  top  of  its  flight,  and  the  momentum  wliich  had  been  im- 
parted to  it  ia  just  ceasing,  the  slightest  breath  of  air.  or  the  esertion  of 
any  other  insignificant  force,  will  divert  it  into  a  path  difterent  from  thai 
in  which  it  would  have  gone ;  and  so,  in  the  career  of  an  organism,  tJiere 
are  mouicnts  wiien  forces,  which,  at  nimthtr  time,  would  have  boeQ  unfelt. 
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can  bring  on  differentiation,  and,  tJuroHgli  if,  call  into  exi&tenco  now  func- 
tions, and  thercliy  Ibrever  determine  a  new  course,  through  which  it  must 
pass.  It  13  because  a  due  -weight  has  not  been  given  1o  this  consident- 
tlou  that  many  physiologists  !iavc  depreciated  tlie  influence  of  external 
circumstances,  or  even  denied  it  altogether,  for  they  have  assumed  that, 
since  we  can  not  produce  a  more  markfid  change  than  we  do  in  the  way 
of  accomplishing  a  Toriation  in  species  by  artiticially  altering  the  condi- 
tions under  which  they  exist,  such  conditions  can  have  had  but  LtUe 
power  in  bringing  them  to  their  present  atato.  * 

Upon  the  wlioJc,  tlicre  can  be  no  doubt  that  differentiation  will  occur 
in  a  more  marked  manner  according  as  the  exciting  imprea-  Orgsnlc  ciuu> 
aton  is  made  at  an  earher  period  of  the  organic  career.  Con-  ^^'1"^',^^  fi«t 
verscly,  the  more  advanced  llie  organism,  the  less  the  prol>  puioda  or  life. 
ability  of  diflerentiation-  For  tMa  reason  it  is  that  striking  changes  of 
thiH  kind  are  rarely  witnessed  in  individual  hfe:  they  occur  chiefly  in 
the  iirat  embryonic  states,  and  therefore,  for  the  most  part,  require  fox 
tlieir  full  manifestation  generation  after  generation.  Great  organic  varia- 
tions arc  not,  then,  to  be  expected  in  the  individual,  though  they  may  be 
distinctly  manifested  in  the  course  of  time  by  the  race  to  which  it  be- 
longs. 
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OP  REPROBUCnON  AND  DEVELOPMENT. 

RthHiOn  of  Orgai>it  Bfiaifti  liiey  ritme/nym  a  limilar  Ceil  and  ttettlajt  la  diffcrrat  I'oinU. — 

Their  IMvinau  fiy  C/<ifs{ficalion  hjiclMotii. — Ifeveloitmmt  turd  LHffernituitiun.—HvJuogaitii)' 

tmd  neumgaent^ — Thof  depend  on  jihyneal  Condiriam. — Tht  n)>T<rdfKtive  Slate  tlMct  JJt- 

whpment, 
Dtvtlspmeai  isfnm  Ike  Ctntral  to  eAb  .^teaal — Late  qf  T'on  Bar,-^Im?arialle  StfiMce  tu 

IMfferenlialioit. 
Of  IIepkoditction:   l*f.  By  Gtmrrarion.—  C'tojvifarion   and  FiianwnU,—  Tht  Sperm-aU!    tU 

/VonAirtBiffi. — Sperjaaloxon.—~T/ie  6>™i-<-eW.'  itm  ProdvcHon. 
Ocum  la  tie  (hary^ — Itti  iStructartf. — Corjius  Jjitrian. 

Ovum  \n  Ihe  O'-itlvrt. — Maffitrr^  Mitst.-^Grrimiiof  Mem6rnnt.-^The  C^wion, 
OoutH  in   ih*.   Ule^ux, —  Mcmhrana  iHdJua. — J'Javentu.--' £>r<v/ojirnnil  of  the  Eii'f>tyo. —  Tjjw* 

1^  NnfrUirm. — (^  Cimfrjilioa.—  Of  Gmlatian, — Of  PartHrition.—InJiurart  >{f  hath  Parmit, 
2d.  B^  Geiamalitui. — Budding  of  Plitntm  mid  dtMoaU.^OJ  Gracing. ^Limil  <^  GtntraaCran. — 

laJlatMCe  of  Tftufntattirii  on  O'cnitnaiion^ 
.litenaiiiHU  of  GtHerntinn, — /m  EiplanatUn, 

In  the  popular  view  of  the  organic  world,  each  individual  being  ia  re- 
garded as  maintaining  an  existence  independent  and  irre-  popuiMvicw 
selective  of  all  others,  or,  at  moat,  oidy  connected  with  those  p2!!en'"e'^^tpr. 
of  its  own  race  or  kind.     Without  any  apparent  disturb-  s"i<:  \xAa^. 
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anoe  of  the  general  system*  tluH  or  that  species  or  genus  might  never 
liave  exieled,  isince  it  stands  in  no  relation  as  being  the  product  of  others, 
nor  as  having  been  concerned  in  giving  origin  to  others. 

But  these  supeifidal  conceptions  are  now  to  be  replaced  by  others  of 
a  far  more  geina"al  and  philosophical  order,  which  present  to  us 
orgaitic  creation  under  an  aspect  of  sublime  grandeur,  each  cla.ss 
of  beings  standing  in  an  intercommunication  or  connetcion  with  otliera — 
a  part  of  a  plan,  the  ntanifeatations  of  whicli  are  not  liiuited  to  the  forms 
now  existing,  but  also  include  those  presented  by  the  ancient  geological 
times.  Tliese  views  cast  a  flood  of  light  not  only  upon  the  relations  of 
the  various  races  of  life  to  One  another,  but  alao  of  the  liuman  family  to 
them,  illustrating  tlie  course  through  which  man  has  hitherto  passed,  and 
indicating  that  through  which,  in  future  ages,  be  is  to  go. 

Starting  from  n  solitary  cell,  development  takes  place,  and,  according- 
All  organic  b«.  as  extraneous  forces  may  be  brought  into  action,  variable  in 
ingimuirtfhjio  jj^  j^  nature,  and  diiFerinff  in  then-  inteasitv,  the  rcsuhin^  or- 
oT  cell.  gsnisma  will  differ.     If  sticb  language  may  be  used,  the  aim 

of  Nature  is  to  reach  a  certain  ideal  model  or  archetype.  As  the  pas- 
sage toward  this  ideal  model  is  more  or  less  perfectly  aceoiuplishod,  fonn 
after  form,  in  varied  suci'^ession,  arises.  The  original  substratum  or  ma- 
terial ia  in  every  inBtance  alike ;  for  it  matters  not  what  may  be  the  claas 
of  animals  or  of  plants,  the  primordial  germ,  as  far  as  investigation  has 
gone,  is  in  every  instance  the  same.  The  microscope  shows  no  differ- 
ence, but,  on  the  contrary,  demonstrates  the  identity  of  the  first  ceil, 
whicli,  if  it  passes  tut  a  little  way  on  its  forward  course,  ends  in  pre- 
senting the  obscure  cryptogoxnic  plant,  or,  if  it  runs  forward  toward 
reaching  the  archetype,  ends  in  th«  production  of  man.  The  diversity 
of  form  that  is  eventually  presented  depends  then,  not  ujKin  the  consti- 
tution or  aspect  of  the  primitive  cell,  but  upon  the  influence  of  the  many 
surrounding  agencies  to  which  it  is  exposcth  In  one  instance,  through 
Tiifl  primitive  the  iutcrworking  of  these  agencies — ]>erhaps  by  cessaUoii  of 
wit/todifel  ^"^  *^^  perhaps  by  its  increased  intensity — development 
TOt  points.  comes  up  rapidly  to  a  certain  point,  and  there  stops.  In 
another  case,  through  change  in  the  conditions,  it  runs  to  a  farther  de- 
gree, and  there  stops.  .  Organic  beings  are,  therefore,  the  maierialized 
embodiment  of  what  must  take  place  tlirough  tlie  action  of  given  force?, 
of  a  given  intensity,  and  under  given  conditions,  on  an  evoU*ing  cell; 
The  ciMsiiica.  and,  though  it  may  suit  the  purposes  of  descripiion  to  ctassifv 
Lut'iT  •M^fifr  ^^^"*  ''^^'^  orders,  genera,  gpecies,  or  other  such  subdivisions. 
uiious.  it  tnuet  never  be  forgotten  that  these  are  artificiaJ  ticticmB, 

ntid  have  no  real  foundation  in  nature. 

Not  only  is  the  primordial  cell  in  all  instances  tlie  same,  but  the  firgi 
rlnges  of  its  career  ure  in  all  instances  idenlicalj  and  this  whctlicr  we 
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conBitler  it  in  the  lowest  or  the  highest  cases,  belonging  either  to  the  veg- 
etable or  the  animal  kingdom*  It  is  a  process  of  repetition  orroproditc- 
lion,  cell  arising  from  cclL  And  here  at  once  we  may  correct  the  ]an- 
jruage  HO  often  useil — indeed,  wliicb  we  ha^e  ourselves  just  used  in.  Ibis 
re5|)ect,  for  snch  temie  as  high  and  low  am  only  to  be  employed  in  a  very 
restricted  aenee.  The  evolving  cell  gives  rise  to  other  cells,  but  for  a  pe^ 
riod  of  time  no  indication  is  presented  as  to  i\hich  of  the  two  kiugdoina 
it  is  to  belong,  animal  or  plant.  By  degrees,  as  the  develop-  Dcvejopmont 
nient  goes  on,  that  ]wint  is  determined,  and  so,  one  after  an-  "  mtfnd^d  by 
(ither,  the  unfolding  inaas  gradually  reveals  the  class,  order,  cvnivingofpe- 
fflpiily,  genius,  species,  and,  finally,  its  sex  and  individual  pe-  '''"'^'«»- 
culiarilies.  In  all  this  there  i&  an  evolving  of  the  spctial  out  of  the  gen- 
eral; one  after  another,  peculiarilies,  which  are  nior&  and  more  minute, 
siriae ;  and  thus  we  arc  not  to  regard  the  progress  of  development  as  tak- 
ing place  from  the  lower  to  the  higher,  forma  that  are  more  and  more  com- 
plex arising  in  sitccession,  but  we  are  to  regmrd  it  as  the  gradual  unfold- 
ing of  the  .special  from  the  general. 

Tliis  career  of  development  applies  equally  to  the  case  of  any  indtvid- 
uid  animalt  or  any  race  of  animals,  Tims  man  himself,  in  Annlopy  of  dei- 
succession,  pas&es  through  a  great  variety  of  fonus,  from  the  thi'lndT'-iduai 
condition  of  a  simple  cell;  these  forma  merging  by  degrees  inaiiitbeniw. 
into  one  another,  the  form  of  the  serpent,  of  tiie  fish,  of  the  bird,  and  this 
not  only  as  regards  the  entire  system  in  the  aggregate,  but  also  as  re- 
gards each  one  of  its  constituent  raeehanisms — the  nervous  Bysteint  the 
uircijatory,  the  digestive.  Now,  on  tlie  passage  onward,  these  foiins  are 
to  be  regarded,  as  has  been  well  expressed,  each  one  us  the  scartblding 
by  which  the  next  is  built ;  and  just  as  man,  in  his  embryonic  transit, 
presents  these  succesi^lve  ^"ispects  on  the  small  scale,  so  does  the  entire 
animal  series  present  them  in  the  world  on  the  great  scale,  Eaces  of 
animals  are  not  to  be  eomparcd  aa  though  they  were  more  perfect  or  low- 
er than  one  another,  but  as  having  advanced  more  or  less  in  the  direction 
from  the  general  to  the  special ;  and  therctbre,  in  this  philosopliical  ■view, 
we  are  justified  in  regarding  those  animated  forma  which  heretofore  have 
been  Spoken  of  as  li>\vcr  in  the  animal  Bcale  as  being,  in  reality,  the  em- 
bryos of  those  that  are  higher;  and  this  should  lead  us  to  a  jusler  esti- 
mate of  their  relation  of  value  toward  one  another,  since  we  are  very  apt 
to  contrast  them  in  that  respect.  In  the  case  of  an  intlivid-  Vftiopof  cm- 
ual,  as  in  man,  we  put  at  once  a  true  interpretation  on  the  *"'i'0"''=  torua. 
value  of  the  varioua  transitory  conditions  tlirough  which  he  haa  passed, 
i'stimating  these  as  of  but  little  intrinsic  importance;  as  being,  as  it  were, 
no  more  than  lijJca  in  a  chain  ;  and  this  may  teach  us  a  more  just  appre- 
ciation of  the  relatious  of  animal  races  to  one  another  and  to  the  human 
pedes.     It  may  teach  ua  the  folly  of  comparing,  as  some  have  endear- 
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ored  to  do,  the  animal  tribes  with  ourselves ;  of  measuring  their  instincts 
wit!i  our  mental  operations;  things  which  are  different  terms  of  two  dif- 
ferent series,  and  things  ivhieh  are  incommensurable. 

There  are  three  cases  in  which  we  might  consider  this  career.  These 
are,  first,  in  the  develojjmcnt  of  particular  organs,  as  the  difjestive,  res- 
piratory, or  circulatory  ;  second,  in  the  development  of  individual  beings, 
whicii  pasa  in  their  onward  progress,  as  we  have  said,  through  rarioas 
forma  in  succeaaion ;  third,  in  the  development  of  species,  presenting 
what  have  been  formerly  designated  as  sueceasive  stages  of  increasing 
perfection*  For  all  these  various  cases  a  single  illustration  may  suffice. 
iilustrntion  of  ThuH,  in  the  primitive  period  of  life,  a  single  membrane  did- 
iiie  linfoidiPK  chareea  promiscuously  and  contemporanconaly  all  the  va- 
fpoin  the  gen-  fWUs  ofganic  ranctions — it  digests,  it  respires,  it  secretes  : 
'^'^-  but,  a  liltle  advance  onward»  special  portions  of  it  are  allot- 

ted for  one  and  another  of  these  uses,  and  a  localization,  a  centraUzaiion 
of  function  ensues,  and  things  that  were  mixed  in  confusion  become  sep- 
arate and  distinct.  As  the  passage  onward  is  made,  still  farther  sjiedal- 
izationa  are  introduced,  and  so  on  in  succession.  Thus  at  the  two  cje- 
tremes  we  may  contemplate  the  single  germinal  membrane  of  the  ovum, 
which  is  discharging  contemporaneously  eveiy  function — digesting,  ab- 
sorbing, respiring,  etc. — and  the  complete  organic  apparatus  of  man,  the 
stomach,  the  lungs,  the  skin,  the  kidneys,  and  the  liver — mechaniama 
set  apart  each  for  the  discharge  of  a  special  duty,  yet  each  having  arisen, 
as  we  know  positively  from  watching  their  order  of  development,  trom 
that  simple  germinal  membrane.  We  must  not,  therefore,  permit  our- 
selves to  be  deceived  by  the  appearance  of  complexity  they  exbiGTl, 
since,  intricate  as  may  he  their  construction,  they  have  all  arisen  through 
gradual  centralization,  one  duty  being  separated  firom  another,  and  bar- 
ing an  appropriate  mechanism  for  itself;  and  so,  at  last,  it  cornea  to  pass 
that  even  the  mimiteat  conditions  are  discharged  by  a  special  part. 
Thus,  in  the  kidney,  the  salts  are  removed  by  one  portion  of  the  struc- 
ture and  the  organic  constituents  by  another;  yet,  even  in  tliese  nt- 
most  conditions  of  refinement,  the  primitive  condition  is  at  all  limes 
ready  to  be  reproduced,  and,  when  driven  to  it,  each  of  these  stmcturep 
can  act  vicariously  for  the  others,  and  discharge  for  the  others  their 
duty. 

It  is  unnecessary  for  our  purpose  to  multiply  instances,  since  every 
page  of  natural  history,  comparative  anatomy,  and  cnibrj'ology  presents 
them  in  abundance ;  but  it  may  be  to  the  purpose  to  remark  that  lliis 
doctrine  leads  to  more  worthy  conceptions  of  the  system  of  nature : 
for  if  we  suppose  that  there  has  been,  in  the  case  of  the  animal  series. 
a  passage  from  things  that  are  less  perfect  to  things  that  are  more  ao. 
though  this  may  be  agreeable  to  our  own  experience,  which  is  essen- 
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tiallj  tentative,  it  gives  ua  very  base  notions  of  tlie  manner  Doac  naiuro  of 
in  T^liich  natural  operations  are  conducted,  since  we  can  not  ^e^'^fltfJo,. 
divest  ourselves  of  tlic  idea  that  sucli  a  passage  from  impcr-  ennio  -warid. 
lection  to  perfection  implies  trteJ,  veTi6cfttion,  and  improvement :  a  pro- 
cess which,  though  it  is  suited  to  the  limited  knowledge  of  man,  is  not 
in  accordance  with  the  precision,  perfection,  and  pJiergy  of  Natui-c,  and  is 
to  l>e  rejected  the  moment  we  consider  that  wc  deal  with  the  acts  of 
Omniscience  and  Omnipotence.  JEoreover,  tliat  erroneous  view  leads  to 
fallaciouB  estimates,  Loth  in  tht;  animal  series  and  in  the  indiridual,  of 
the  ehiu-actcr  of  transitory  forms,  confciriug  on  thcju  too  much  inde- 
pendence, and  therefore  too  much  dignity ;  for  the  transitory  fonng  of 
embryonic  life  and  the  forms  of  animal  8|jeciP8  are  the  cj^^uivalents  of 
eacli  other. 

Kvery  living  Ijeing,  tlierefore,  springs  from  a  germ,  which  will  develop 
itself  into  the  likeness  of  its  parent,  provided  it  is  Bubrait-  CarMr  «nd  Rtop- 
ted  to  the  same  conditions  through  which  its  parent  pass-  P»p  "^  "■  'le*"'- 
cd;  but  if  the  conditions  be  changed^  it  will  cither  take  p^nit  va  exur- 
on  a  new  aspect,  or  if  they  have  become  incompatible,  it  *''  (OMiiticn*- 
will  cease  to  exist.  Similarity  of  development  depends  on  similarity'  of 
condition,  as  13  abundantly  proved  by  such  instances  as  the  almost  per- 
fect resemblance  of  tlie  two  sides  of  the  body,  which,  in  reality,  may  be 
reganled  as  distnict  individual  forms.  To  the  proof  thus  derived  from 
bilateral  symmetry  aa  occurring  in  man  might  be  added  such  suggestions 
aa  arise  from  tlie  well-known  reaemblonce  of  twbi8  ;  and  as  identity  of 
condition  will  thus  give  origin  to  analogy  of  development,  so  we  may 
fairly  infer  that  difference  of  condition,  no  matter  in  what  respect  the  dif- 
ference may  be,  will  give  rise  to  difference  of  structure ;  thus  experienced 
gardeners  have  shown  that  the  sex  of  flowers  is,  to  a  very  great  extent, 
determined  by  the  brilliancy  of  the  light  in  which  they  grow.  Differ- 
ence in  tlie  supply  of  nutritive  material  removes  the  spinea  from  one 
plant,  or  doubles  the  flowers  of  anotiier,  by  changing  its  stamens  into 
petala,  or  alters  the  cycle  of  career,  and  makes  annuals  into  bienniala. 
As  illaatrations  of  the  complete  changes  of  form  during  development, 
jry.r  ■541.  ^hc  ihrcc  foUowiiig  cases  may  be 

presented  :  in  J^tt/.  241  are  shown 
_^^^^^^^^^^^^,_      the  ova  of  the  frog,  which  are  trans- 
«§'  .  parent  spherical  bodies,  containing 

e£  _^^^^^^K^       a  dark  globule.     From  this,  by  de- 

velopment, the  tadpole,  whicli  is  a 
true  iish,  breathing  by  gills,  ariaes. 
DflvriopmrDtofibftrniB.  ^hc  figUTes  Fcpfcsent  a  side  and 

upper  view.     After  growth  has  taken  place  to  a  certain  degree,  a  change 
of  structure  becomes  apparent,  limbs  gradunlly  emeiging,  and  the  ani- 
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^is-  MS.  mal.  after  passing  through  an  intcr- 

mcJiflle  state,  eventually  loses  itp 
gills  and  tail,  cca5cs  its  af^uatic,  and 
commences  aerial  xespiration,  wid 
shows  the  aspect.  Fig.  2-i2,  of  the 
-   perfect  irog. 

Fig.  243  represents  the  saccesfr- 
ive  metamorphoses  of  the  Carcinu^ 
nia?im3,  or  edible  crab,  as  given  by  Jlr.  Couch.     A  represents  the  animal 
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Dete1u|iiUfiaL  of  tlie  cnh. 

on  its  emergence  from  the  egg.  It  has  a  hemispherical  shield  on  tlit* 
head  and  thorax,  with  a  projijcling  spine,  a  tail  foFined  of  six  segments, 
the  two  last  being  joined  laterally.  The  second  form,  at  B,  exhibits  n 
girat  change ;  the  spine  has  disappeared,  the  shield  is  depressed,  the 
eyes  on  footstalks ;  there  are  claws,  and  the  tail  is  often  earned  bent 
under  the  body.  When  this  ahell,  like  its  predecessor,  has  been  cast, 
the  third  form,  C,  is  assumed,  the  transition  adapting  the  animal  for 
walking  rather  than  swimming.  The  final  form,  D,  is  taken  on  at  the 
next  moult,  and  now  development  ceaaes,  and  growth  only  takes  place. 
Fig.  244  illustrates  the  mctamorphoaes  of  a  leptdopterous  insect,  tlu- 
Fi<f  '!M.  .  Bonibyx  mori,  or  motli 

of  the  silk-worm.  From 
tiie  eggs  there  arises  a 
caterpillar,  which  not  on- 
ly poaseaBCs  the  means  of 
locomotion  by  feet,  etc. 
but  also  contains  within 
it  the  mdlmentB  of  ihr 
organs  to  be  eventaaUr 
assumed.  In  tliig  Stat* 
the  insect  p^ftees  under 
the  name  of  a  larva,  because  it  is  covered  with  a  seriea  of  tegamants, 
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which,  like  ttios&s,  conceal  the  inlenor  Btracturc.  These,  in  succession, 
itre  cadt  off- 
After  many  fluch  auccessive  castings  of  the  aJcin,  the  insect  cnt«yg  into 
the  pupa  or  chrysalis  state.  It  has  no  otgans  of  locomotion,  ami,  as  it 
has  been,  mth  some  degree  of  im^^irtation,  saitl,  becomes  an  egg  again. 
.Vt'ter  resting  in  this  state  for  a  certain  lime,  it  bursts  its  conJineraent. 
and  assuraea  the  form  of  an  aerial,  ^wift-moving  ivingcd  insect.  This  in 
its  imago  state. 

It  will  now  be  convenient  to  give  a  more  precise  definition  to  terms 
which  have  been  hitJierto  Used  with  a  ceiiiiim  latilude. 

Uy  the  term  growth  is  to  be  iniderstood  tlii>  increase  in  size  of  a  etmc- 
ture,  witiiout  its  assuming  any  variation  as  respects  ttie  na-  Definiiwn  of 
lure  of  its  fabric  or  of  the  functions  it  discharges.  fuiiAilou  ' ami 

By  diftereiitiation  is  meant  an  incrcaee  involving  modifica^  rfcvoiopmaui. 
tion  of  fabric  and  the  assumption  of  new  function* 

By  development  is  meant  a  ditferenttation  of  a  liJglier  order,  or  com- 
pound differentiation.  Usually  it  implies  growth  and  difl'erentiation  con- 
jointly. 

As  illustrationa  of  the  preceding  definitions,  it  may  he  said  that  a  crys- 
tal grow.J,  its  enlargement  presenting  no  structural  variation  and  no  new 
rjaality.  Cells  ditferentiate  from  their  normal  spherical  form,  and,  assum- 
ing a  cylindroid  figure,  give  origin  to  vascular  tissue,  the  vessels  so  aris- 
ing serving  for  new  purposes,  as  for  the  conveyance  of  gases  or  liquids. 
A  seed  develops,  for  the  organism  to  wluch  it  gives  rise  not  only  ofiera 
contimially  increasing  dimensions,  but  at  all  points  the  origination  of 
novel  structures,  arising  by  differentiation  from  adjacent  and  pre-exis^ting 
ones,  these  new  structures  Laving  also  new  lunctions. 

By  homogenesis  is  meant  the  production  of  an  organism  in  all  respects 
like  its  parent;  by  heterogcneais,  the  production  of  an  or-  „ 
ganism  unlike  its  parent.  nnd  baerosen- 

For  the  sake  of  brevity  and  simplicity,  we  may  suppose  ^'"*' 
thai  there  resides  hi  every  germ,  and,  therelbre,  in  evuiy  organism,  a  prin- 
ciple Or  quality  which  governs  the  coUocation  or  grouping  of  new  parts, 
the  sanie  to  which  allusion  has  heretofore  been  made  under  the  designa- 
tion of  plastic  power.  It  is  unnecessary  for  tis  here  to  burden  onr  con- 
ceptions of  such  a  power  with  any  hypotheses  respecting  its  nature,  it 
being  understood  that  we  use  the  title  of  this  supposed  agent  only  as  an 
expression  of  convenience. 

The  production  of  every  organism  appears,  as  far  as  existing  observa- 
tions and  experimetita  go,  to  be  referable  to  a  previously  ex-  ^^  ^r^tnic 
isting  organism.     This  being  admitted,  generation  and  repro-  moWuln  ihi? 
duction  imply,  as  their  starting-point,  an  organic  molecule.  P""  "  ongin. 
Such  a  combination,  fumiaiied  with  nutrition,  grows,  its  plastic  power 
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grouping  the  new  materiaL  But  such  a  growth  can  not  take  place  to  any 
extent  -without  a  variation  lieing  encountered  in  the  surrounding  conili- 
tiona,  and  the  ioatant  that  this  occurs,  ditleTentiation  ensues  as  its  neces- 
sary consequence-  Growth  under  changed  arcumstancea  is  then  diflbx- 
entitttion.  If  the  order  of  variation,  as  regards  condition,  is  exactly  the 
Cfto(iiUon  foi-  ^^^"^  "^  ^^^  ^^^^  "^^  *^^  growing  and  ditferentiating  combi- 
similarity  of  natioDa,  their  career  of  developmeut  will  be  exactly  alike,  Uid 
e^e  ppineii  ^^^  forms  tiiey  will  present  at  the  same  epMh  of  their  course 
will  be  the  same.  According  aa  the  career  is  short,  the  probabilities  of 
identity  are  greater,  since  the  chancee  of  variation,  which  might  be  en- 
countered in  ti:e  two  casesj  are  leas.  But  where  the  career  is  more  pro- 
tracted, and  many  conditions  in  Huccession  must  be  encountered,  it  can 
not  happen  tliat  there  will  be  an  exact  re&emblance  in  the  course  of  two 
OTganic  combinations,  and  thereibre  there  never  can  be  an  absolute  iden- 
tity in  the  aspect  of  any  two  resulting  forms. 

The  general  result  of  every  deveiopment  is  heterogenesis.  No  parent 
Devtlopment  organism  ever  reproduces  another  absolutely  like  itself,  un- 

wndTiohpie-  ^^^^  '^^  ^  ^"  ""'^^  lowcst  developed  types,  in  which  the  oppor- 
legenesis.  tuMity  for  change  is  at  a  minimum.  Homogenesia  is  only  ap- 
proached as  the  conditions  bringing  on  ditferentiation  approach  similari- 
ty;  it  thereibre  sinks  into  a  special  case  coming  under  a  more  general 
law,  and,  indeed,  speaking  witti  exactness,  we  might  say  tliat  in  the  nat- 
ural world  It  never  occurs,  th'C  prevalent  notion  which  regards  it  as  the 
rule  and  hetepogenesis  as  tho  exo^ption  being  altogether  illusorj^.  Ev- 
ery grade  of  organism,  vegetable  and  animal,  tomiahea  us  with  examples 
of  this  truth.  Let  us  look  for  a  moment  at  the  higheat  tribes ;  and  in 
them  reproduction  never  takes  phice  except  by  pairs  of  individuals  of  dif- 
ferent Bexea.  Rigorously,  therefore,  tlie  births  should  alao  be  by  pairs  of 
different  sexes.  Moreover,  if  it  be  necessary  in  these  general  and  super- 
ficial considerations,  let  ua  direct  our  attention  to  the  special  case  of  man. 
The  infant  necessarily  differs  ftom  one  of  its  parents  in  sex,  and  &om 
both  in  size,  weight,  endowments,  and  physical  attributes.  It  ia  like 
neitlier  of  thera.  The  popular  notion  may  suggest  that  a  closer  resem- 
blance will  he  reached,  prhaps,  after  the  lapse  of  thirty  or  forty  yearB. 
when  a  nearer  approadi  to  the  form  of  one  of  the  parents  may  be  offered 
with  eleraenta  incorporated  from  thiy  lineamenta  of  the  other;  but  even 
in  this  case  a  rigorous  examjnatjon  compels  us  to  admit  that  like  has  not 
produced  like. 

Eeflecling  on  this  popular  illustration  more  profoundly,  we  discern 
Cydei  of  pKK  wherein  the  error  consists.  Instead  of  comparing  cycles  of 
ooi  M  be  torn-  process*  we  have  beeti  blundering  wilh  isolated  forms,  whidi 

pared,  and  not    '^.  ,.„  ,         ,         .  i.r-  ,  -  i- 

iiLdJviiiiui        anso  at  dinerent  epochs  therem.      Without  going  mto  teoj- 
ous  details,  man  presents,  as  regards  the  most  importaui  of 
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his  constituent  structures,  his  nervous  syatem,  llic  successive  character- 
tsticB  of  an  avcrtebrated  animal,  a  fish,  a  turtle,  a  bird,  a  quadruped,  a 
quadrumanoua  aniraal,  bcl'orc  he  aaaumeg  the.  special  human  cliaracter- 
istlcs.  This  ia  his  cjrclo  ot'Iife,  and  it  is  the  same  cycle  in  one  case  ae 
In  another. 

But  the  moment  that  our  view  is  thas  enlarged,  we  aee  that  it  i:*  not 
the  individual  with  ivhiqh  wc  should  deal,  f&r  an  individual  we  can  scarce- 
ly define,  since  he  is  continually  ditFering  trom  himself.  It  is  with  a  cy- 
cle of  proceeding,  or  a  course;  of  o|M!jation3  that  we  are  engaged,  a  seriea 
of  forms  heing  the  outward  manifestation  of  the  succeeding  periods  of 
that  cycle  or  courae. 

An  infant,  though  unlike  Loth  ita  parents  in  form,  has  run  ihrongli  a 
career  like  that  passed  through  by  them  botli.  Sexual  ditfercntiation, 
wliich  indeed  is  one  of  the  last  difterentiationa  occurtin^,  oftcrs  no  excep- 
tion to  the  truth  of  this  remark.  The  similitude  lies  in  the  career,  not 
ID  the  fomi  taken  at  dilterent  cpoclis. 

The  essential  principle,  then,  is,  not  that  an  organism  produces  a  like 
organism,  hut  it  produces  a  germ  which,  being  placed  under  xhtreprodncu 
similar  circumatances,  passcB  tlirougli  a  like  career  of  devcl-  i^*^  pcsiedp»« 
opmentj  and  at  successive  periods  olfera  an  orderly  seriea  of  "^^  ff™"  ■ 
forms.  Tiie  career  is  commonly  obser^'ed  to  close  aa  soon  aa  the  capac^ 
ily  ibr  reproduction  is  aasiimcd.  Ilcnce,  in  every  oi^anism,  the  assump- 
tion of  the  reproductive  stale  ia  the  signal  that  the  cud  of  developmciil 
is  at  hand. 

It  does  not  plainly  appciir  what  arc  the  circumstances  whicii  give  rise 
to  the  assumption  of  tliis  capacity;  nevertheless,  it  may  take  place  at 
any  moment  of  the  career.  In  the  Volvox  globator  it  occurs  ahnost  ai 
the  close  of  the  first  stage,  for  the  germ  only  reaches  the  condition  dc' 
scribed  hereafter  aa  the  niulljerry  mass  when  it  Lccome»  capable  of  re- 
production ;  but  in  man  the  developing  organism  has  a  long  journey  to 
peribrm  beyond  this  first  step.  Except  in  tJic  condilion  here  dwelt  ujxiu, 
he  liiifcrs  in  no  resi>eet  from  his  humbler  comrade  at  this  point.  The 
tendency  to  a  gliding  off  into  the  reproductive  phase  ia  in  him  repressed, 
and  tliereforc  dift'crentiation  and  development  continue  i{>  go  on. 

During  the  development  of  any  new  organism,  llic  new  parts  utnformlv 
arisc  from  the  old  ones;  they  are  not  built  from  foreign  mate-  Aiithi-purtBoi 
rials  depositing  themselves  upon  new  centres,  but  arc  educed  ""  w^'iintfliii 
by  the  unfolding,  enlarging,  and  tiiodeling  of  parts  already  common  «n. 
existing.     An  organism  ia  not  developed  as  we  eiUai'ge  a  """'  ""«*"■ 
house,  by  building  part  to  part,  but  it  all  expands  lironi  one  common  or 
single  centre.     As  the  sphere  of  its  expansion  becomes  greater,  the  u|>- 
[lortunity  arises  for  devoting  difltii-ent  regions  to  diH'erent  uses,  and  thus 
offices  which  were  confusedly  intenninglod  become  separated  out,  and, 
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in,  in  social  undctlakings,  the  division  of  lalior  gives  greater  perfection  to 
the  work,  so  in  this,  functions  which,  because  they  were  blended,  were 
imperfectly  discharged,  now  assume  precision  and  power,  because  they 
are  disentangled  fi'om  what  were  perhaps  countervailing  conditions. 

By  theae  con.iiderations,  we  are  gnuIiiaUy  led  to  the  general  law  of  de- 
.  velopraent,  first  recognized  by  Von  Bar,  and  passing  under 
his  name.  This  is  somewhat  obscurely  enunciated  in  the 
following  terras :  "  The  heterogeneous  arises  from  the  homogcncovis  by  a 
gradual  process  of  change."  By  this  it  is  meant  that,  in  the  process  of 
development,  the  stages  are  not  from  forms  that  are  of  a  degraded  to  tiiosc 
of  a  higher  type,  hut  that  from  tlic  general  the  special,  which  waa  therran 
included,  ia  gradually  involved. 

In  conclusion  of  these  prehrainary  remarks  on  reproduction,  it  may  be 
Inv  ri  1 1  p-  '^^3<^^'^d  that,  even  in  the  highest  and  most  elaborate  types, 
q«en«aciJd[f-  the  cfluses  which  bring  on  difl'erentiation  folloiv  each  other  ia 
such  a  predetermuied  sequence,  that  the  whole  phenomenon 
migtitbe  said  to  be  under  the  dominion  of  mathematical  conditions.  Ab 
a  striking  ULstancc  of  this  may  be  mentioned,  in  the  case  of  man,  the  nu- 
merical equality  of  the  sexes ;  and  that  this  singular  result  is  determined 
by  the  altpniale  preponderance  of  conditions  which  are  otlicrwiee  nicolj 
halanccd,  is  shown  by  the  interesting  instances  occiuring  among  ins.octs 
of  dimidiate  and  quadrate  liermnphroditiani,  in  the  former  of  wliicb 
the  resulting  insect  is  of  different  sexes  on  the  two  sides  of  its  body, 
and  in  llic  latter  the  male  and  female  portions  are  quadrantally  arrsiigrd. 
If  t!je  left  side  of  the  head  and  thorax  are  those  of  a  male  insect,  the 
right  half  of  the  abdomen  is  of  the  same  kind,  the  intervening  portions 
being  of  the  other  sex.  The  neuter  state  might  even  be  imagined  to 
ariao  from  the  more  precise  blending,  balancing,  and  confusing  of  such 
conditions  as  liere  give  evidence  of  an  incipient  tendency  to  separate  from 
One  another. 

In  tho  farther  discussion  of  reproduction  we  ahaU  And  it  conveniently 
Divifionscf  considered  ander  two  distinct  divifiions;  first,  geDcration; 
repmducii&Q,  gocond,  gemmation.  Our  attention  may,  then,  be  profitably 
directed  to  the  singular  facta  known  under  tho  designation  of  alternation 
of  generations.  As  tUuatrations  of  the  terms  here  employed,  it  may  be 
stated  that  the  production  of  a  seed  and  the  development  of  a  plant  there- 
from are  to  be  considered  in  connection  with  gcnoration,  and  that  the  ob- 
taining of  new  plants  and  trees  by  budding  and  grafting,  and  the  pro- 
duction of  many  new  hydras  by  their  sprouting  forth  from  an  ©■Id  one, 
are  to  he  considered  under  gemmation,  iiy  tho  alternation  of  g;eneiB- 
tions  is  meant  that  an  organism,  A,  will  give  rise  to  a  second  one,,  B, 
wholly  unlike  ifsrlf,  and  that  this  second  organism,  B,  will  give  rise  to  a 
third,  C,  unhke  itsctf,  but  C  shall  resemble  A.     This  singular  conditioD 
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of  things  will  bo  shown  to  originate  in  the  periodical  alternation  of  gen- 
eration and  gemmation  respect ively, 

1st.  or  OBKBiLkTiagi. 

Reproduction  hy  generation  is  accomplished  on  two  different  typea: 
let.  By  the  conjugation  of  two  flimilar  cells;   2d.  By  (ilaments. 

In  the  first,  that  is,  by  the  conjugation  of  two  Bimilar  cella,  a  third 
body,  caltctl  a  sporangium,  results.  Of  this  process  there 
appear  to  lie  three  different  modifications  t  1st.  The  two  eim-  r-ntiiinn  of  l^d- 
ilar  conjugating  cells  discharge  thoir  endochrome,  or  coloring  J"s»'"*ii. 
material,  each  voiding  itseli*  completely,  and  the  Bporangium  arisetj  frgm 
the  mixture ;  2d.  A  dUatatiou  forms  on  the  point  of  itnion  of  the  two 
conjugating  cella,  and  into  this  dilatation  the  endocltromes  of  both  eells 
are  paascd  ;  3d.  The  ciidoehrome  of  one  cell  is  wholly  retained,  and  that 
of  the  other  is  added  to  it,  the  one  Isrooming  void,  and  in  the  other  the 
sporanginm  being  produced.  This,  occurring  in  the  lowest  vegetables, 
among  which  it  was  for  a  long  lime  supposed  that  the  type  of  reproduc- 
tion ia  totaliy  different  from  that  of  flowering  plants  and  animals,  pre- 
aents  ub  with  the  6r*it  traces  of  what  is  eventually  displayed  ag  differ- 
ence of  sex. 

This  Bhadowing  forlli  of  tlie  difference  of  sexes  is  illuBtrated  in  a  yery 
inatTUCtive  manner  by  the  Zygnema  quinlnum,  a  ircsh-waler  conferva- 
Its  manner  of  growth  is  wliat  has  been  already  described  in  the  caae  of 
the  Conferva  gloracrata,  /Vy.  231.     In  the  annexed  J^ff.  9-45  is  reprc' 


sented  at  A  the  process  of  growth  by  the  subdivision  of  eells,  a  6  <!  ropre- 
eenting  three  such  eella,  the  middle  one*  i,  being  tn  the  act  of  subdivision. 
At  B  two  threads  are  in  the  act  of  conjugation.  The  endochromea  of 
both  arc  spirally  arranged,  and  dilatalinns  reaching  from  one  to  the  other 
are  here  and  there  seen.  At  C  the  endochromea  of  one  thread,  a,  have 
wholly  passed  over  to  the  other  thread,  6,  and  the  round  bodies,  or  spo^ 
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rangia,  are  the  result.  It  is  tiite  passage  from  one  thread  to  the  other 
which  betrays  the  first  indications  of  sex. 

In  the  second,  that  is,  by  filnmenta,  two  celta  are  again  necessary* 
__        ..,      which,  differing  in  construction  and  bAbo  in  function,  are  dea- 

TVo  modifies-  \     ,  n  i 

Lions  ly  liia-  ignatcd  the  sperm-ceU  and  germ-^ell  respectively'.  Of  this 
miiiits.  j^,j^  there  are  two  modifications :   Ist.  Reproduction  hy  mov- 

ing filaments,  aa  presented  in  the  higher  alg^  and  ferns ;  2d.  By  elon- 
gating tilaments,  as  in  flotvering  plants.  The  mo^-ing  filaments,  whidi 
were  discovered  in  the  case  of  animals  soon  after  the  introduction  of  the 
microscope,  were  regarded  as  animalcules,  and  passed  under  the  designa- 
tion of  apermatozoa.  The  germ  winch  arises  in  tlie  first  of  these  modi- 
fications is,  in  the  lower  tritieis,  unprovided  with  any  nutritive  supply; 
in  the  higher,  a  stock  of  food  is  prepared  for  it  by  the  parent.  In  the 
second,  the  sperm-cell,  or,  as  it  is  frequently  termed,  pollen  gtain,  does 
not  produce  a  moving  filani^nt,  hut  elongates  itself  into  a  delicate  tube 
until  it  reaches  the  germ-celL  A  stock  of  nutritious  matter  is  place<l 
iiround  the  resulting  embryo,  and  this  is  the  ordinary  construction  of 
seeds. 

Restricting  our  description  to  the  case  which  more  immediately  inter- 
ests U3.^  wc  shall  fir&t  cons^idcr  the  mode  of  origin  and  nature  of  the 
gperm-celt  and  its  filaments  in  animals,  and  then  of  the  germ-cell  »nd  its 
process  of  development  when  fertilized. 

1st.  Of  the  Spenn-^eU. — The  testes  arc  the  organs  in  which  iIip 
sperm-ceils  and  filaments  arise  in  man.  They  are  of  an  ovoid  form; 
each  is  covered  with  a  white  envelope,  the  tunica  alburjaica.  A  serous 
membrane,  folded  as  a  shut  sac,  overlies  this  tunic.  From  the  inner 
surface  a  number  of  delicate  projections  arise,  which  divide  tlic  organ  into 
several  compartment«.  In  these  compartments  are  lodged  lobules  aris- 
ing from  the  tubuli  seminiferi  and  their  supplying  blood-vesaels.  There 
ProduL-tion  of  ^^  uljout  450  lobules  in  each  testis;  tlielr  shajie  is  conical, 
fparm-cGlls  ty  the  diameter  of  the  tubes  of  which  they  are  composed  ahout 
""'"^'^  the  ^  of  an  inch.  The  total  length  of  this  tubular  strue- 
ture  is  about  three  quarters  of  a  mile.  Before  the  tubuli  of  each  lobule 
reach  the  rcte  testis,  they  cease  to  be  convoluted,  and  bundles  of  them. 
uniting  into  larger  vessels,  are  designated  tubuli  recti.  In  the  retc  tes- 
tis there  are  from  half  a  dozen  to  a  dozen  of  these  tobes,  which  various- 
ly anastomose  with  one  another  and  divide.  Tiicy  empty  into  the  vasn 
efferentia,  whicli,  from  being  straight,  become  convoluted,  a  series  of 
Irenes  arising,  whicli  together  form  the  globus  major  of  the  epididymis. 
This  is  a  convoluted  canal,  of  about  twenty  feet  in  length,  Tvliich,  de- 
soendiiig,  receives  beyond  its  globus  minor  the  vaaculum  aberrans.  It 
then  empties  into  the  vas  deferens. 

Fig.  240,  Imman  testis:  a,  testis;  A,  lobes;  c,  tubuli  recti;  ti,  ret« 
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vasmloautn  ;  e^  vasa  efferentia ;  J", 
coin  vascnlosi ;  ff,  epidldymiB ;  A, 
va3  deferens  ;  ?',  vas  abcrrans  ;  nji, 
branchea  of  the  Bpemiatica  inter- 
na of  the  testis  and  epididymis; 
n,  ramiticittion  on  the  testis;  0,  w- 
jfiS^^E^I^^^I^SHSlf     M       ,11    teria  dcferenlialia ;  ji,  anaslomosi? 

with  a  branch  of  the   s|jermatic. 
(Arnold.) 

The  accretion  of  the  testis  must 
y  C'4  be  tak&n  for  examination  from  tho 
vas  deferens  or  epididymis,  heforf 
it  has  been  mixed  with  the  fluid  of 
the  prostate  and  Cowper*  glands. 
or  with  mucus.  It  may  be  min- 
gled with  a  little  albumen  or  b^ 
rum  for  the  purpose  of  dilution,  and, 
when  esaraincd  with  a  power  of 
600  diameters,  exhibits  multitudes 
of  moving  bodies.  These  are  the 
seminal  animalcules^  or  sperraato-' 
zoa.  Among  them  are  to  be  seen,  here  and  there,  round  granular  bod- 
ies, the  aeminal  granules.  These,  with  the  spermatozoa,  are  Bustained 
in  a  clear  and  Iranspareiit  liquid.  The  examination  of  these  different 
constituents  is  conducted  with  difficulty,  since  they  can  not  bo  separated 
tipom  one  anollier  by  means  of  filtration.  The  spermatozoa  arise  from 
the  seminal  granulea. 

The  spermatozoa  arc  found  in  the  spermatic  fiuid  of  all  auinials  after 
puberty,  their  form  being  different  in  different  classes  and  Spermatoioa. 
species.  Generally  they  may  be  described  aa  consisting  of  iieacnpuou  or, 
a  little  oval-shaped  head,  &om  which  a  delicate  filament  or  tail  projects. 
Tho  motion  of  the  spemiatozou  is  accomplished  by  means  of  their  fil- 
ament. It  takes  place  in  different  ways,  sometimes  the  filanieut  vibrat- 
ing like  a  whip,  soraetimea  rotating  like  a  screw,  and  sometimes  a  spin- 
ning rounds  33  it  were,  upon  a  pivot,  occurs,  the  filament  having  been 
wiled  like  a  watch-spring.  Tlie  rate  of  motion  seems  under  the  micro- 
scope to  be  rapid;  it  is,  however,  estimated  at  an  inch  in  thirteen  min- 
utes- In  man,  iheir  entire  length  may  be  estimated  at  about  the  ^^  of 
an  inch,  the  kiigtli  of  the  head  being  about  the  ^^^tj,  and  its  Hnmnn  spw- 
breadth  the  -ny^inf*  They  continue  to  exhibit  motion  in  ™"*"'"- 
birds  for  fifteen  or  twenty  minutes  after  death:  in  cold-blooded  animals 
even  after  days.  They  withstand,  for  a  time,  the  action  of  solutions  of 
sugar  and  salt,  but  are  destroyed  at  onoe  by  alcohol  and  dilute  acids, 
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wliiuli  appear  to  afFect  thoir  organization.  Sliychniat  opium,  and  liy* 
drtxiyanic  acid  likewise  stop  tWir  motions,  but  ^vithout  caufiliig  any 
change  in  their  form. 

The  production  of  spermatozoa  la  best  studied  in  the  case  of  birda*J 
Spermatoisoii  ^'^^  ^''^^  purpose  Wagner  recommends  that  one  of  the  order 
inbirJs,  of  PasBere^  be  taken  in  the  pairing  time.  Tlie  condilioti  of 
the  icetea  indicates  the  state  of  evolution  of  the  ap«rmatozoa.  In  win- 
tet  those  orgam*  are  of  the  size  of  a  pin's  head,  but  in  spring  they  have 
increased  twenty  or  thirty  fold.  Eicteriorly  tlicy  exhibit  convolutions  like 
those  of  the  brain,  and  contain  granules  and  seminal  globules.  jVJler 
pairing  time  is  over,  they  relapse  to  their  original  diminutive  state.  The 
seminal  globules  appear  to  be  derived  from  the  epithelial  cells  lining  the 
tubuli  Bcminiferi.  They  arc  developed  into  what  are  termed  primary 
cells,  each  of  which  eontains  a  number  of  secondaiy  cells  or  vesicles  of 
evolution.  In  the  interior  of  tliese  vesicles  the  spermatozoft  originate. 
Hi  a  derivation  or  development  from  the  tiucleua,  each  vesicle  giving  rise 
Evoiuiinn  of  to  one  ppermatozoon.  When  this  has  reached  perfection,  the 
spt)nii«iozon.  vcslcle  deliquesces  and  sets  it  free.  There  are  from  one  to 
twenty  vesicles  of  evolution  in  each  primary  cell.  In  birds  the  filaments 
may  be  retainwl  for  a  length  of  time  in  tlie  primary  cell  after  deliquescence 
of  the  vesicle,  but  in  mammals,  aa  soon  as  the  filament  is  mature  it  es- 
capes. In  the  former  caae  the  filaments  aggregate  into  bandies,  but  thcj 
break  up  into  individuals  when  the  primary  cell  deliqueacea. 

J^l^.  247,  Bpermatoioic  tilaments,  devclop- 
ijig  in  Certhea  vulgaris:  a,  semiuali  granule; 
i,  cyst,  with  two  vesicles  of  evolution^  many 
granules,  and  a  bundle  of  apermatozoa ;  e,  oval 
cyst,  with  spermatozoa  coiled  up.  (Wagner.) 
^^^^^^^    ^-^ — -^  Of  the  formation  of  spermatic  filamenta 

^^^^^^j/u\  f,  I^f-  BiLTUett  gives  an  account  somewhat  dif 

^^^K^^H?'  ferent  £rom  the  preceding.    According  to  him. 

^^^^^^^  ^'the  morphological  changes  in  tlie  spenn- 

"•"'"P""""  "'  •P«™to.».  ^jgii  preceding  the  formation  of  the  spermatic 
filaments  are  identical  in  their  character  with  the  clianges  in  the  onun 
which  are  antecedent  to  the  fonnation  of  the  new  being.  Wlien  the  gen- 
erative function  begins  to  be  developed,  the  character  of  the  epithelial 
cells  lining  the  tubules  is  modihed.  The  cells  pass  to  a  higher  degree 
10,  function,  but  do  not  undergo  any  change  in  structure,  except  &  slight 
increase  in  size.  In  this  condition  they  divide  and  subdivide,  by  a  pro- 
cess similar  to  the  segmentation  of  the  yolk,  until  they  are  cJitirely  con- 
verted into  a  mulberry  mass.  A  Lquefaction  of  the  segmented  contents 
into  a  minute  granular  blastema  then  ensues,  and  from  this  the  spemiatic 
filaments  are  developed.     In  the  Piagioslomes,  l>r,  Bttmett  was  able  to 
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observe  the  disapptjarance  of  tlie  mulberry  mass,  and  its  replacement  by 
a  fasciculus  ot' spermatic  filnments,  although  the  exact  inet:ainor()liOAi3  hy 
whicli  the  granular  cellular  mass  tbrmed  the  bodies  of  the  spennatozolds 
could  not  be  detected.  The  iipetmatic  tilam^nts,  !Dr,  Burnett  thinks,  are 
not  formed,  as  stated  hy  Kolliker,  by  a  deposit  from  the  contenta  of  the 
Bperm-cell  or  nucleus,  but  by  au  elougatiou  of  the  nucleus  itself.  The 
body  of  the  spennatozoid  is  derclopt^d  from  the  cell,  while  the  tail  is 
probably  subaequenlly  formed  by  an  aceumulalion  of  minute  particlea." 
(Kolliker,  Am.  ed.,  p.  G25.) 

In  man,  the  production  of  sperraatozoa  commencea  between  the  four- 
teenth and  sisleenth  year,  the  time  of  puberty,  and  continues  until  the 
aixty-fiftii  or  seventieth,  or  even  much  longer.  This  period  of  commence- 
ment la  marked  by  a  great  change  in  the  physical  and  moral  conatitutioii. 

The  spermatic  fluid  of  mule  animals  contains  no  spermatozoa.  This 
fact  haa  been  ef^tabUahed  in  an  interesting  manner  byWugner  in  the  caac 
of  birds,  of  which  many  of  those  which  are  domesticated  readily  cross. 
There  can  be  no  doubt  that  these  bodies  are  the  esaential  portion  of  the 
fluid,  and  that  it  U  thcif  oction  upon  tlie  ovum  which  establishes  its.  f^x- 
tlliKatlon. 

There  has  be«n  much  controveray  whether  the  spermatozoa  present 
tracea  of  organization,  properly  speaking.  Though  it  ia  convenient  to 
designate  their  dilated  portion  aa  the  head,  and  the  filament  aa  the  Ifiil, 
it  has  never  yet  been  estfiblishrd  tiiat  arty  thing  answering  to  a  true 
attuctm-al  arrangement  exists,  and,  upon  the  Trhole,  it  may  be  concluded 
that  the  appearances  which  have  bten  by  sunie  supposed  to  indicate  or- 
ganization aret  in  reality,  only  an  optical  illusion. 

2d.  Oft/te  Genn-celL— In  mammals  the  female  reproductive  apiiara- 
tufl  consists  essentially  of  the  ovaries,  oviduct,  and  uterus.       ^      . 

TliG  ovaries  arc  two  ovoid  bodies  situated  on  either  aide  duciivu  flj>jw^ 
of  the  uterus.  They  consist  of  a  stroma  in  which  veatcIeB  ™  ^' 
are  imIx^dded:  these  vesicles  give  origin  to  the  ova.  In  the  manner  to 
be  presently  described,  the  ova,  being  received  at  the  fimbriated  cttrem- 
ities  of  the  Fallopian  tubea,  those  tubes  being  therefore  appropriately 
termed  oviducts,  arc  cajried  into  the  cavity  of  the  uterus. 

At  the  time  of  puberty  in  the  human  female,  which  occurs  between 
the  14th  and  16th  year,  a  physical  and  moral  change  takes  „ 

,  .  .    ,     1  ,  .  .         ....  The  cUnienia. 

place,  answenng  to  that  which  has  been  already  alluded  to 
as  occurring  in  the  mal>c.  From  this  period  a  sanguinolcnt  diseharge 
makes  its  appearance  monthly  :  it  is  the  catamcnia.  The  interval  from 
time  to  time  is  commonly  estimated  at  four  weeks;  it  vwica,  however, 
with  individuals,  and  it  is  savd  also  with  climates,  the  dischiirge  occurring 
in  the  hotter  more  frequently,  nnd  in  greater  quantity.  It  is  essentially 
blood,  wbiclt  has  been  deprived  of  its  quality  of  coagulating  by  inter- 


raO  OVU«   ly  THE  OVART. 

mixture  with  acid  mucus  of  the  vagina.  So  long  as  these  periods  con- 
tinue, the  individual  possesses  the  reproductive  power,  the  first  appear^ 
ancc  of  the  catnruenia  indicating  the  Cfipacity  for  conception,  and  the  die- 
appeai'ance,  at  ahout  the  45th  year,  its  end.  During  gestation  the  cata- 
uienia  are  aiispended,  and,  indeed,  it  is  this  event  which,  is  usually  taken 
as  the  indication  that  conception  has  occurred. 

The  periodical  occurrence  of  this  discharge  En  tlic  human  female,  though 
mor€  frequent,  is  essentially  the  game  as  the  pe-riodically  occurring  heat 
of  other  animals,  which  is  also  attended  ~n'ith  a.  scro-ganguinolent  dis- 
charge. In  other  respects,  likewise,  the  analogy  ta  maintained,  for  in 
those  animals,  the  appearance  of  this  discharge  and  its  attendant  phe- 
nomena constituting  an  indication  of  a  simultaneous  capacity  for  con- 
ception, in  women  the  same  thing  liolda  good,  conception  occurring  in 
them  at  the  time  of  the  close  of  the  menstrual  discharge. 

I,  Ovum  in  the  Ovary. 

The  ovary  is  the  organism  in  which  the  ova  are  prepared,  these  bodies 
arising  in  the  following  way: 

In  the  stroma  of  the  ovary  tliere  occur  at  a  time  ten,  twenty,  or  many 
Prtdneilon  more  cells,  which  have  received  the  designation  of  Graafian  ves- 
of  ova.  j^,]pa  Qr  ovisacs.  These  originate  in  the  interior  of  the  ovary. 
and,  as  they  become  perfected,  pass  to  its  surface,  presenting  thcmscl\fs 
thereupon  as  prominences  which  are  covered  over  exteriorly  with  peri- 
toneum. Each  of  these  vef  iclc-j  has  a  niembranous  envelope  connecting 
it  with  the  sulistanee  of  the  ovaiy  exteriorly,  and  covered  interiorly  witli 
a  layer  of  nucleated  cells,  designated  nicmbrana  granulosa.  It  is  fUlet] 
with  a  fluid  in  which  multitudes  of  granidcs  float,  and  in  its  centre  is  tlic 
ovule.  This,  as  it  becomes  mature,  is  pushed  up  toward  the  surface  of 
the  ovisac  by  an  accumulation  of  liquid  in  the  lower  part  thereof,  and 
is  so  brought  into  <:l-ose  relation  with  the  memhrana  granulosa  at  the 
place  where  it  js  upon  the  surface  of  the  ovary.  At  this  pt>int  there  col- 
lects on.  the  ovum  a  zone  of  granules,  to  which  the  designation  of  discos 
proligerus  is  given. 

J^ig.  248,  transverse  section  tiirough  the  ovary  of  a  woman  dead  in 
the  fifth  month  of  pregnancy:  a.  Graafian  follicle  of  inferior,  and,  A,  of 
superior  surface;  c,  peritoneal  hinicUa  of  ligamontuni  latum,  continued 
upon  the  ovary,  and  coalescing  with,  rl,  the  tnnica  albuginea:  in  the  in- 
terior two  corpora  albicautla  (old  corpora  lutea)  are  vtsible;  c,  stroma  of 
the  Qvarjr-      (KoUikcr.) 

yi'j.  249,  section  of  the  (iraafian  vesicle :  1,  stroma  of  ovary,  with 
blood-vesaels  ;  2,  jxrritoneum  ;  3  and  o,  layers  of  the  external  coat  of  tlvc 
Oraafian  vesicle;  4,  niembrana granulosa;  (5,  fluid  of  tlie  vesicle;  7,gnui- 
ular  zone,  or  discus  proligerus;  8,  the  o\um.      (Von  Biir.) 
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.^igr,  250,  ovum  of  the  now:  1,  gi^rminal  spot ;  2,  germinal  vesicle: 
3,  yolk ;  4,  zona  pcUucida  ;  5,  discus  proligflnia :  6,  adlierent  granules  or 
cella.     (Barry.) 

The  diameter  of  the  human  ovum  varies  from  the  -^^  tn  the  yj-^  of 
an  inch.  It  conaista  of  an  exterior  transparent  mcmLrane,  ncjcriptifin  or 
the  -b-Atk  of  an  inch  in  thickness,  which,  when  compressetl  ""*■  °'^''™- 
for  the  purpose  of  examination,  appears  Uke  a  diaphanous  circle,  and  licncp 
called  2ona  pcLIucida.  Within  this  zone,  and  inclosed  by  it,  is  the  yolk, 
a  granular  material  anspended  in  or  intermingled  with  fluid,  the  granulcp 
being  of  different  sizes;  those  near  the  pellucid  zone  arc  the  lai^est.  For 
the  most  part,  the  yolk  consists  of  albumen  and  oil  globules.  Its  condi- 
tion, as  regards  liquidity,  varies  in  difterent  animals;  in  aome  it  is  al- 
most a.  soft  solid,  so  that,  wlien  water  percolates  through  the  zona  pelhi- 
cida,  it  is-olates  the  yolk  by  surroiuiding  it  on  all  sides,  and  parting  it  oH" 
from  the  zone.  Within  the  substance  of  the  yolk  is  a  distinct  cell,  the 
germinal  vesicle^  which  gradually  makes  its  way  from  the  interior  to  the 
place  of  peritoneal  contact.  Aa  it  advances  to  perfection,  it  consiets  of  a 
delicate  spherical  membrane  containing  a  liquid,  in  wliieh  granules  are 
fiUBpcndcd.     U])on  that  jwrtion  of  it  nearest  to  the  place  of  peritoneal 

contact  13  its  nucleus,  the  germinal 
spot,  about  the  -^^t^  of  an  inch 
in  diaimettr,  and  consisting  of  yel- 
low granules. 

J^jy.  251,  diagram  of  a  Graa- 
Han  vesicle  and  ovum  :  1,  stroma 
of  ovary;  2,  3,  external  and  in- 
■f"''  ternal  tunica  of  the  (Iraafian  ves- 
icle; 4,  cavity  of  vesicle  ;  5,  thick 
tunic  of  the  ovum  or  yolk-sac ;  fi, 
tJic  yolk ;  7,  the  gemunnl  vesicle ; 
8.  the  germinal  spot. 

The  most  matare  ova  are  near- 
est the  surface  of  the  ovarj,-,  but 
are  separated  firom  its  peritoneum 
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by  a  thin,  fibrous  layer  of  stroma,  Tlie  (jiraatian  vesicle  is,  there- 
f&re,  the  parent  of  tlie  ovum.  Periodically,  as  development  is  going  on, 
the  Graafian  Ycsicle  biirsts,  and  the  ovum  is  eet  tree.  This  effect  arises, 
in  port,  from  the  circumstance  that,  the  spnoe  between  the  vesicle  and 
ovum  being  filled  with  cells,  those  near  the  surtace  of  the  ovary  disap- 
pear, and  an  albuniinoua  liquid,  which  accumulates  below,  pushes  the 
ovum  up.  Tliia  extrusion  of  ova  occurs  even  in  cliildJiqOiii.  The  ovbiac. 
or  Graafian  veside,  thus  changed  into  a  follicle,  is  gradually  filled  up,  its 
walla  wrinkliug,  and  red-colored  njaterial,  arising  tVom  the  nienibrana 

giamiloaa,  being  deposited  iu  it  nntil  it  ia  almost  filled. 

This  deposit  gradually  turns  yellow,  and  ib  eventually  conv 
poscd  of  cells  interiorly,  and  librea  arising  therefrom  exteriorly.  When 
the  deposit  is  completed,  a  BtcUated  cicatrix  ia  observed  in  its  mitisL 
The  yellow  body  thus  arising  passes  under  the  designation  of  corpus  la- 
teum.  If  impregnation  does  not  occur,  the  yellow  substance  forms  to 
but  a  email  extent,  and  after  a  time  disappears.  It  is  relatively  mor? 
abundant  in  aniniala  than  in  women.  Attempts  have  been  made  to  use 
the  indicationa  of  the  corpus  lute.um  for  determining  the  question  of  preg- 
nancy. The  following  points  are  presented  by  Dr.  Dalton  aa  offering 
characteristics  by  which  the  corpora  lutca  of  pregnancy  and  menstruation 
may  be  distinguiBlied  r  "  The  corpus  luteum  of  pregnancy  arrives  motr? 
slowly  at  its  maximum  development,  and  afterward  remains  for  a  loitt; 
time  as  a  noliceable  tumor  instead  of  undergoing  rapid  atrophy.  It  re- 
tains a  globular  or  only  slightly  flattened  form,  and  gives  to  the  tottch  a 
sense  of  resistance  and  solidity.  It  has  a  more  advanced  organization 
than  the  other  kind,  and  its  convoluted  wall  is  much  thicker.  Iib  color 
is  not  of  60  decided  a  yellow,  but  of  a  more  dusky  hue,  and  if  the  jjcriod 
of  pregnancy  is  at  all  advanced,  it  ia  not  found,  like  ilie  other,  in  com- 
jmny  with  unruptured  vesicles  in  active  process  of  development-" 

^1(7.  252,  corpora  lutea   of  different  periods :    a,  corpus  luteum  two 
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days  after  delivery  ;  i,  corpus  luteum  of  about  aixth  week  after  impng- 
nation,  shoiiving  its  plicated  form  at  that  period;  1,  substance  of  ov4»ty; 
2,  substance  of  corpus  luteum  j  3,  grayish  coagulum  in  its  cavitv  ;  rf,  id 
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the  twell^th  week  after  delivery,     (a  and  I,  Dr,  Patterson ;  d.  Dr.  Mont- 
gomery.) 

IL  J^eriilised  Ovum  in  the  Oviduct. 

Such  being  a  description  of  the  ordinary  or  utiferlilized  ovum,  we  have 
next  to  follow  the  changes  which  ensue  if  fertilization  has  taken  place. 

The  spermatozoa  having  become  enveloped  in  the  [>eUiicId  zone  or 
passing  through  it,  the  ovum  ia  received  by  the  fimbriated  extremities 
of  the  Fallopian  tube,  along  which  it  is  carried  by  peristaltic  contraction 
or  ciliary  motion.  The  first  change  which  takes  place  in  it  is  the  dieap- 
pearancc  of  its  germinal  vesicle  and  germinal  spot.  This  disappearance 
ia,  however,  stated  by  some  to  be  preceded  by  a  development  of  cells 
originating  in  the  nucleus  or  germinal  spot ;  nor  ia  it  the  result  of  fertil- 
ization, since  it  occurs  in  the  unimpregnated  ovum.  The  nhancesofiiif 
cells  of  the  membrana  granulosa,  which  surround  the  ovum,  reniibed  ovum 
become  first  of  a  conical  shape,  but  their  rounded  form  is  re-  "^  *  "^^  "' 
sumcd  on  passing  into  the  tube. 

p{y_  ^.18.  Fig.  253,  ovarian  ovum  of  dog,  exhibiting  the 

elongated  form  and  stellate  arrangement  of  the 
cells  of  the  discus  proHgerua  round  the  zona  peJ- 
hicida. 

Fig,  254,  same  ovum  after  the 
removal  of  most  of  the  club- 
shaped  cells. 

The  yolk  ia  next  obaen'ed  to 
ovfcriMOTum.  contract  80  as  to  leave  a  cleat 

apace  between  it  and  the  zona  pellucida.  As  the  pas- 
sage along  the  tube  is  taking  place,  the  zona  assumes 
a  coating  of  albuminous  material,  which  is  what  is  call- 
ed in  birds  the  white  of  the  egg.  It  eventually  Lecotnea  the  chorion. 
Meantime,  after  the  disapiiearance  of  the  genninal  vesicle,  a  new  cell,  the 
embryo  cell,  arises,  and  tliia  undergoes  subdivision  or  segmentation,  an 
effect  in  which  the  yoUt  itself  presently  becomes  involved,  each  new  or 
daughter  embryo  cell  so  arising  assuming  a  part  of  the  yolk.  A  constant 
process  of  bisection  is  thus  established,  the  yolk  dividing  first  into  two 
portions,  then,  into  four,  eight,  sixteen,  etc.,  each  divisioQ  conta,ining  a 
nucleated  celh  At  this  period  may  be  aeen  the  spermatozoa  involved  in 
the  zona  pellucida,  and,  as  the  process  of  bisection  goes  on,  ^he  piutiwrrj 
the  mass  assumes  a  mulberry  aspect,  and  finally  becomes  '>^^^- 
granular.  This  is,  for  the  most  part,  finished  by  the  time  the  ovum  en- 
ters the  uterus. 

Fig.  252,  ova  of  the  dog  in  various  stages  :  a,  &om  the  oviduct,,  half 
an  inch  from  the  uterus,  spermatozoids  being  in  the  pellucid  zone,  the  yolk 
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bisected ;  J,  cells  of  tunica  granulosa  have  disappeared,  anct  the  yolk  is 
in  four  segments;  c,  continued  advance  in  segmentation;  d,  the  Eonit 
bag  Lecjnie  thicker^  ^nd  the  »^mentation  more  complete ;  f,  ovum  l>Qr»t 
by  compression ;  some  of  the  s^menta  have  escaped ;  each  shows  a 
bright  spot  or  vesicle. 
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Fig.  25G,  cleavage  ot*  the  yolk  after  fccTindation :  a,  an  ovum  of  As- 
earis  nigrovenoaa,  the  yolk  of  which  ia  divided  into  two  equal  portions: 
the  upper  portion  contains  a  cell  Tvith  a  large  nucleus,  the  lower  a  sim- 
ilar ceil  with  two  small  nuclei;  b,  ovum  subdirided  into  four  portions; 
<^  the  subdivision  has  reat-lied  sixteen,  each  possessing  a  mono- nucleated 
cell;  d^  ovuni  of  Ascaris  acuminata,  showing  the  stages  of  subdivision, 
the  imrtiojis  becoming  veiy  small ;  e,  the  portions  preparing  to  be  mould- 
ed into  the  young  worm,    (a,  A,  c^  KoUikcr ;  d,  e,  Bagge.) 


Stgmmtation  of  onLm. 

As  tho  ovum  is  about  to  enter  the  utenis,  each  portion  which  has  arisen 
from  the  segmentation  of  the  yolk  has  become  a  perfect  cell.  This  cell 
tormation  haWng  been  accotnpllslied  at  the  surface  of  the  yolk  first,  the 
cells  there  begin  to  coalesce  into  a  membmne,  with  an  aspect  tike  that 
of  hexagonal  pavement  epithelium,  and*  as  the  chaJige  pasaea  toward  the 
centre,  tlie  celU,  r»  they  form,  come  toward  the  membrane  and  thicken 
It,  leaving  a  clear  liquid  within.  In  this  manner  a  secondary  vesicle 
forms  within  the  zona  pellucida :  it  la  the  blastodermic  vesicle ;   it  is  thf 
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leniporar^  stomach  of  tlie  embryo.  Its  wall  constitutes  the  germinal 
membrane,  upon  which  the  embryo  arises.  New  cells  being  constantly 
added,  the  membrane  increftscs  in  tliickneas  i  and  here  it  may  jh^  Kerminnl 
be  remarked  that,  in  mosL  types,  the  yolk  ia  to  be  considered  ni^rabMue. 
as  presenting  two  portions — the  gerra-yolk  and  the  food-yolk;  the  for- 
mer being  immediately  employed  in  the  development  of  the  embry-n,  a,nd 
the  latter  being  a  stock  for  more  advanced  supply.  In  mammals,  for 
whom  other  means  of  nutrition  are  quickly  provided,  the  food-yolk  is  im- 
peiceplible,  and,  juoreover,  in  them  the  albuminous  coating  of  the  zona 
pclluctda  is  small ;  but  in  birds,  the  embryo  of  which  has  to  be  nourish- 
ed independently  of  the  parent,  the  quantity  ia  necessarily  large.  As  we 
have  said,  this  albuminous  covering  and  tbe  zona  together  constitute  the 
chorion,  tiie  exterior  of  which  presents  a  rugged  aspect,  from  the  appear- 
ance of  absorbing  radicles,  which,  becoming  imbedded  or  dove- 
tailed in  the  deciduous  membrane,  presently  to  be  described, 
I'stablisheg  the  necessary  connection  for  tuft  nutrition,  and  thereby  ob- 
l;iiuing  albumen  trom  the  parent. 

III.  J^ertilued  Ovum  in  the  Utcrm, 

While  the  ovum  is  passing  through  the  Fallopian  tube  or  oviduct,  it 

obtains  a  coating  of  albuminous  material  outside  of  its  zona  pellucida,  as 

lias  been  said.     This  coating  becomes  the  meiing  of  attachment  to  the 

uteniSt  and  thereby  of  the  absorption  of  nutriment  in  the  fallowing  way. 

The  Outside  snrface  of  the  incipient  chorion  presents  a  layer  of  cellsr 

and  soon  after  assumes  a  Jibrous  structure.     In  tliis  condi-  vterine  nutri- 

Fig.  ?fii.  tion  the  ovum  makes  its  appearance  in  **'"'■ 

the  uterus,  on  the  iitteriorof  the  surface  of  which  the 
mouths  of  a  great  number  of  follicles  open.  These 
follicles  are  not  unlike  those  which  the  stomach 
presents.  Theuf  general  appearance  is  illustrated  by 
Fir/.  257;  d,  cEPcal  temiinations  of  glands;  e,  their 
tubes ;  «,  mouths  on  interior  of  uterus.  The  con- 
stitutional disturbance  which  is  at  this  time  taking 
place,  enhanced  by  the  presence  of  the  ovum  in  the 
organ,  at  once  increases  its  vascularity  :  the  folUclea 
become  larger,  cells  arc  abundantly  developed  in 
them,  and  the  uterine  cavity  is  filled  with  a  liquid 
containing  many  nuck-Ated  cells.  This  plastic  senii- 
tlnid  material  receives  the  fringes  of  the  villous  coal 
of  the  chorion,  which  are  now  being  developed ;  and 
tlic^e  even  find  their  war  into  iii<^  mouths  of  the 
glandular  tubes  ;  from  this  e-xudation  or  secretion 
UtorinB  tube*.  the  mcmbrana  decidua  forms,  though  by  some  it  ia 
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FormBiion  of  ^^p^eaenled  aa  being  a  metanioriiJiosis  of  the  nmcons  mem- 
iDembnm&  de-  brane  ii$eli",  Meantime  the  ovum  ig  itself  foattd  ov^r  with  a 
coneaponding  membrane^  designated  niembrana  reflexs,  be- 
cause it  was  believed  by  Mr,  liunter  to  originate  in  the  circumstance 
that,  when  the  ovum  reached  the  uterine  mouth  of  (he  Fallopian  tube,  it 
there  encountered  the  proper  membrana  decidnar  and,  not  perforating  it. 
but  bearing  it  onward,  gathered  a  fold,  covering,  or  envelope,  which, 
from  itB  having  thug  been  i'ornied  by  a  reflexion,  was  approprintely  des- 
ignated by  the  term  epeciiied.  It  15,  however,  now  admitted  t}iat  this 
description  of  the  formation  of.  the  membrana  rcflexa  is  erroneous,  for  in 
reality  the  ovum  ia  at  no  time  on  tlie  outside  of  the  mucous  membrane. 
which  is  continuous  from  the  cavity  of  the  uterua  through  the  Fallopian 
tube.  Tlie  following,  therefore,  seems  to  be  tiie  more  correct  description. 
The  presence  of  the  ovum  gives  rise  to  an  increased  development  of  cells, 
wliich  rapidly  spread  around  it,  and  coat  it  all  over,  their  points  of  origin 
being  those  portions  of  the  uterine  mucous  membrane  with  which  tbe 
ovmn  ia  in  contact.  In  this  way  it  receives  its  deciduous  envelope, 
which,  participating  dtily  In  its  growth,  19  at  the  end  of  the  tLird  iDontb 
in  contact  with  the  Mterine  decidua  all  over. 

At  the  stage  we  are  now  considering,  the  nutrition  of  the  embryo  js 
conducted  in  a  special  but  very  temporary  way.  The  yolk  of  the  ovum 
has  no  stock  of  food  to  maintiiii  the  nutritive  processes  beyond  the  brief 
space  wliich  transpires  in  the  passage  through  the  Fallopian  tube.  The 
duty  of  niatrition  is  at  this  moment  assumed  by  ihc  -vnllouH  coat  of  the 
chorion,  which  absorbs  fluid  exuding  from  the  uteri.ne  decidua  very 
much  after  the  maimer  of  the  ^pongiohs  of  a  plant ;  but  almost  imme- 
diately the  necessity  arises  of  diverting  more  directly  the  dbuinenotd 
material  to  the  quickly-growing  embryo  from  the  yolk-bag,  to  which  it 
would  have  gone,  and  this  new , destination  implies  the  introduction  of 
new  channels  of  transport,  wlitcb,  under  the  form  of  a  vasciJar  appara- 
tus, are  now  pro%-idcd. 

About  the  close  of  the  second  month,  a  proper  vascular  apparatiis  for 

the  combined  purposes  of  nutrition,  secretion,  and  respitation 
The  bliLcetiU.         i         .  ■     ■       1        1  t  .   - 

makes  its  appearance;  it  js  the  placenta.     Its  origin  la  in 

the  little  blood-tubes  which  form  in  the  tutits  of  the  cjiorion,  in  man  at 
one  point,  in  ruminants  fliinultaneoiialy  at  several,  giving  rise  in  the  for- 
mer ease  to  one  organ,  the  placenta,  as  has  been  said,  in  the  other  lo 
many  such,  or,  at  all  events,  to  one  of  a  composite  structure,  the  cotyle- 
dons. The  foetal  vcasela  thus  arising  in  the  villi  of  the  cliorioti  become 
intermingled  with  vessels  contemporaneously  arising  from  the  uterus; 
and  though,  in  some  cases,  this  intermingling  is  loss  complicated,  so  that 
the  maternal  and  f<etal  portions  are  separable,  in  man  the  internetting  is 
complete,  the  principle  being  to  bring  the  foetal  vascular  tufts  in  snch  a 
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relation  with  the  malernaJ  blooil-sinuaes,  by  the  tufts  dipping  Fanciion*  af 
down  or  being  enveloped  therein,  that  the  completest  con-  •^''"  pi""""^ 
tact  and  facility  of  escliangn,  but  not  of  intermi-xlure^  may  be  insni-ed. 
Things  are  arranged  in.  liuch  i.  WAy  tliat  the  nialonial  and  t'oetal  blood  do 
not  Lnterm ingle,  each  being  confined  in  vessels  of  its  own,  through  the  thin 
walls  ot'wliich  nulritious  matter  may  pass  and  excremcntitious  matter  re- 
pass. Every  Icetal  tuft  has  a.  deciduous  layer  upon  it,  and  the  blood 
brougtit  by  the  curling  arteries  of  t!ie  uterus  lamishea  to  the  fcetns  its  os- 
ygen^  and  receives  back  carbonic  acid,  with  other  excrementitioua  raafters. 
In  this  respect,  respiration  is  carried  on  by  the  aid  of  a  mechanism  which 
answers  Jo  the  gilla  of  fishes,  the  maternal  arterial  blood  standing  for  the 
aerated  water;  but,  besides  this,  the  tufts  have  another  duty  to  dis- 
charge— the  obtaining  of  albumenoid  moteriat  from  the  maternal  blood. 
The  placental  mechanism  is  therefore  much  more  perfect  in  its  action 
than  the  tuft  mechanism  whicli  preceded  it. 

The  germinal  membrane,  formed  as  has  been  described,  already  ex- 

hihita  at  one  spot  an  opaque  area  of  a  roundish  shape,  con^  chonBc  in  eta 

Ft!j,".f.  sistineof  cclU  and  Ltanulea.     To  eeTmiinimwn- 

tlus  tijc  designation  of  gemimal  ductwn  »f  Uy- 

3rea  is  given.     At  this  area  the  *"■ 

membrane  next  becomes   divisible  into  two 

lamina',  and  eventually  throughont  its  whole 

extent,  as  aeen  in  J^iff.  258.     Of  these  lam^ 

inje,  the  exterior,  which  is  nearer  to  the  zona 

pellucida,  is  the  serons  layer.     It  13  the  raised 

iiicmLrane  of  the  figure,  and  in  it  are  to  be 

developed  the  nervous  and  muecular  sysl^ne 

of  the  embryo.     The  interior  is  designated  the  mucous  layer,  and  from 

p,„  ■JM.  this  arise  the  digestive,  organs. 

The  germinal  area  by  degrees 
loses  its  circular  form  and  be4jomeH 
oval,  its  centra!  portions  clearing 
oif  and  giving  rise  to  the  area  pel- 
Incidfl.  Around  this  the  opacity 
is  increased,  and  in  it  blood-ves- 
sels appear;  hence  to  this  dark  cir- 
cle the  designation  of  area  vascti- 
losa  is  applied.  In  the  pellucid 
Kone  is  next  seen  a  delicate  line, 
the  primitive  groove,  j^.^^^^^,, 
I'  !g.  259.  It  occurs  ktoovb  p,nd 
in  the  serous  layer  ''""'^ ''"''''"' 
TbeprimitivngrouvB.niBgiiiiicd  siii«in«iori,        oulv,  IB  wider  at  OHC  end  than  at 
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the  other,  ihe  wider  part  being  deslined  for  the  Head  of  the  embr^'o. 
Oq  each  side  of  the  primitive  groove  two  oval  areas  of  cells  emerge: 
they  are  the  dorsal  laminje.  They  rise  up  to  cover  in  the  primitive 
groove,  80  as  to  convert  it  into  a  tube,  with  three  bead-like  awcllinga  ai 
its  wider  end,  the  elements  of  the  prosencephalon,  mesencephalon,  and 
p;^  ,^  epencephalon,  Fiff,  260.     Tlie  ex- 

planation of  this  and  the  preced- 
ing figure  have  already  been  given 
on  p.  293.     On  the  inlemal  part 
ot"  tJie  lamina  nervous  matter  Le- 
gjjis  to  form,  the  rudiment  of  the 
cerebro- spinal  axis.     In  the  bot- 
tom of  the  groove  is  the  trace, 
chorda  dorsalls.     The  groove  it- 
self, converted  into  a  tube,  con- 
stitutes the  central  canal  of  that 
uxiB,  its  completion  into  the  tu- 
bular shape  occurring  first  in  the 
middle,  and  then  up  and  down. 
The  Ibrm  of  the  lateral  masses  ra- 
riea  as  development  goes  on. 
A  line  of  cells  running  lengthwise  in  the  primitive  groove  ia  the  origin 
oboiiiaiJor^B-  of  the  chorda  doreaUs,  on  wliich  the  rudiments  of  the  verte- 
nnd'^Mcui™   ^'^  column  appeur.     In  the  amphioxus  and  myxenoid  fishes 
ayaum.  development  in  this  direction  stops  at  this  point,  the  chorda 

dorsalia  being  the  pennanent  sti'ucture.  The  vertebra;  now  emerge  tm- 
der  the  aspect  of  square  plates,  and  the  doraal  lamina',  prolon^ng  tbem- 
.selvea  outward  and  downward,  as  it  were,  b^'"  an  offshoot,  produce  the 
ventral  laminiPt  winch  close  in  the  abdominal  walla,  and  so  form  the 
Iwundai'ies  of  the  trunk.  Simultaneously  a  new  layer  of  cells  arises  be- 
tween the  serous  and  mucous  layer  of  the  germinal  membrane,  at  the  ana 
vasculosa,  and  in  this  intercalated  lamina  the  vascular  System  forms  and 
blood  corpuscles  appear,  capillary  vessels  arising  from  the  c-oalescence  of 
nucleated  cells,  the  touching  ends  of  which  become  pcmous.  As  the 
process  goes  forward,  a  network  of  such  vessels  is  constructed,  and  it  is 
to  be  particularly  remarked  that  this  takes  place  and  tliat  the  blood  is  in 
circulation  prior  to  the  cxidtence  of  the  hearts  Around  tlie  extending 
blood'Vessela  or  vascular  area  runs  a  circular  capillary  called  the  terminal 
Auus  in  the  first  stage  of  the  process,  but  this  dtsappenrs  as  |he  reasels 
extend  all  over  (he  gemainal  membrane.  The  extension  of  these  vessds 
is  in  part  accomplished  by  the  cells  from  which  they  have  arisen  clott- 
gating  themselves  into  processes. 

^iff.  2G1,  first  appearance  of  blood-vessels  in  vascular  layer  of  gcfm- 
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Fi-K  w\  inal  membrane  of  a  fowl  at  thirty-si^li  Lour  of  iu- 

x^j=i— \5^X!j^^  1^''*^  forniatioii  of  vessels  from  tlie  coalescence 

^T^OOC^'^ — )  "'"  ""cleated    celie,  the  toucbing    ends    becoming 

S'^SQ^O^ii^^r  pervious  or  elongating,  is  conliniicd  to   a  mucli 

'^>^^J^"  later  [wriod  of  development,  as  is  demonstrated  by 

Capillary  lymphatic  from  tlie  tail  of  tlie  tadpole;  a,  merabrane;  h, 

Fi".  w.'.  processes  formed  by  it ;    c,  re- 
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maiu;^  of  the  contentB  of  the 
cells  forming  tliese  -stsscIb,  in 
which  nuclei  are  concealed ;  »^. 
ccL'cal  leniiiniitiona  of  the  ves' 
seia  ;  y,  one  of  these  termina- 
tions gtill  recogfitzable  as  a  form- 
ative cell ;  J/',  isolated  formative 
cells  about  to  join  ^Ith  actual 
vessels,  magnified  3.50  diame- 
ters.    (Kolliker.) 

It  is  at  tliis  time  that  nutri- 
tion by  cells  ceases,  and  vascu- 
lar nutrition  commences,  na  pre- 
viously described.  The  embryo 
!)as  now  become  too  large  for 
promiscuous  cell  nutrition  to  an- 
swer; moreover,  development  ig 
required  to  take  place  at  differ- 
ent rates  at  ieolalcd  and  F;pccial 
points.  The  formation  of  the 
amnion  coincidcB  with  these  events. 

The  heart  appears  Srst  as  a  canal  or  tube,  arising  in  the  Taacular 
layer  from  a  coluninai  mass  of  cells,  of  which  the  Jimcr  oiies  iiFvelopmoai 
have  deliquesced  to  form  &  tube.     This  then  becomes  tri-  of  the  tern, 
ehambercd,  containing  an  auricle,  a  veiitriule,  and  the  bulbus  arteriosiifi, 
f^^  35J  Fig.  2ti;^,  of  which  a  description  is 

given  on  p.l35.  Subsequently  the 
auricle  and  ventricle  are  each  divi- 
ded by  septa,  tliat  in  the  ventricle 
being  commenced  about  the  fourth, 
and  linished  about  the  eighth  week. 
The  auricular  septum  is  not  completed  until  after  birth. 

Fig.  2f>4,  page  530,  shows  the  human  heart  at  about  tlic  fifth  week: 
A,  the  heart  opened  on  the  abdominal  aspect ;  1,  the  bulbiis  arterioBus; 
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**■«*  2,  2,  two  aortic  arches,  uniting  posteriorly 

to  form  the  aorta.;  3^  the  auricle;  -1,  the 
opening  from  tlie  auricle  into  the  ventricle, 
6,  which  13  laid  open :  5,  the  septum  rising 
from  the  lowest  part  of  the  cavity  of  the  Ten- 
tricle ;  7,  the  vena  cava  inferior :  B,  view 
from  behind;  1,  the  trachea;  2,  the  lungs; 
3,  the  ventricle ;  4,  5,  tlic  large  atrium  cot- 
dis,  or  auricle;  6,  the  diaphragm;  7,  the 
aorta  deacendens;  8,  the  pneumogastric ;  9,  its  branches ;  10,  ita  continu- 
ation.    (Von  Biir.) 

As  soon  as  the  capillary  system  ia  fairly  established,  the  change  in 
the  cliaracter  of  the  function  of  nutrition  alluded  to  is  accomplished,  and 
in  those  animala  which  depend  for  their  development  on  a  food  yolk,  it 
is  eventually  entirely  covered  with  ramifications  of  these  vessels.  Thft 
blood-cells  of  the  first  order  Or  series  are  evolved  from  the  nadei  of  the 
cells  wliicb  coalesced  for  tlie  formation  of  blood-vessels. 

The  development  of  the  embryo  still  continuing^,  it  assumes  a  form 
Rluvaiioi]  of  which  has  been  aptly  described  as  resembling  that  of  a  boat 
ilwcmliryo,  placed  upside  down,  the  bottom  of  the  lx)at  rising  higher  and 
higher  above  the  surface  of  the  germinal  menibranc,  and  lifting  with  it 
that  portion  of  the  membrane  to  which  it  is  attached.  The  two  ends  of 
the  boat-shaped  body  bend  under  toward  one  another;  the  larger  of  the 
two  is  destined  to  become  the  head  of  the  embryo.  As  this  elevation 
takes  place,  the  embryo  becomes  separated  by  a  constricted  space  from 
the  surrounding  gcnninal  membrane,  its  abdominal  parictes  being  still 
open  and  in  contact  with  the  yolk.  From  the  layer  which  thus  lines 
the  interior  of  the  cavity  of  the  embryo,  tlie  intestinal  canal  arises  as  a 
tube  from  the  coalescence  of  a  jiair  of  lateral  ridges,  and  the  surrounding 
and  exterior  portions  of  the  germinal  membrane,  elevating  themselves 
above  the  constricted  apace,  coalesce  over  the  back  of  the  embryo,  and 
_  thus  indoae  it  in  a  sac.     This  sac  constitutes  the  amnion, 

and  jn  this  manner,  by  foldmg,  the  interior  oi  the  germiual 
membrane  ia  used  as  a  digestive  surface,  the  outer  as  one  for  secretion. 
The  umbihcal  cord  obtains  a  sheatb  from  the  amnion,  wliicli  at  one  end 
is  continuous  with  the  skin  of  the  ftetust  and  the  other  ia  reflected  over 
the  surface  of  the  placenta.  The  amnion  therefore  constitutes  a  closed 
sac,  whicli  contains  a  fluid,  the  liquor  amnii. 

The  phice  at  which  the  germinal  membrane  is  constricted,  so  aa  to  be 
able  to  act  aa  a  digestive  surface  to  tlic  embryo,  though  linear  at  first,  is 
graduaUy  narrowed  down,  and  constitutes  the  umbilicus.  This  con- 
stricted part  is  now  the  omphalo-meacnteric  duct,  wJiich  of  course  com- 
mufticatca  with  the  cavity  of  the  yolk-sac,  which,  at  this  stage  of  dcvel- 
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opment  iti  tnamtnalin,  is  the  umLilieat  vesicle.  In  btr<la,  the  yolk-sac  ia 
carried  completely  Into  tlie  abdomen  throngb  the  umbilical  opening  ;  in 
tnamraals  it  remains  exterior.  It  does  not  appear  that  the  contents  of 
the  yolk  arc  directly  absorbed  from  the  cavity  of  the  sac,  but  they  are 
carried  by  the  ramifying  vcsaela  to  the  liver.  These  vessels  are  there- 
fore counterpartB  of  the  mesenteric.  Eventually  folds  arise  on  the  lin- 
ing membrane  of  the  yolk-aac  over  which  these  vessela  pass,  and  which 
facilitate  absorption.  In  fish,  at  this  stage,  the  yolk-bag  hanga  down, 
and  respiration  takes  place  upon  its  surface. 

From  the  caudal  extremity  of  tlie  embryo  the  aUantois  emerges  as  a 
mass  of  eells,  of  which  the  interior  Utiuefy,  and  the  exterior 
then  constitute  a  sac.  in  birds  and  m  reptiles  it  reaches 
considerable  development ;  in  the  former  extending  entirely  over  the 
yolk-sac,  but  in  mammals  it  is  soon  replaced  and  shrivels  up.  It  dis^ 
charges  the  function  of  a  urinaiy  bladder,  and,  indeed,  a  portion  of  it 
continues  to  do  so  in  man.  Its  disappearance  ia  the  signal  that  the  em- 
bryo is  now  depending  on  the  placenta. 

To  return  now  to  the  development  of  the  circulatory  system.  At 
about  the  end  of  the  eighth  week,  as  we  have  seen,  the  ven-  j)„^,^,|opn,p„t 
tricle  is  divided  by  a  septum,  the  division  of  the  auricle  not  or  ibe  i-iRui*. 
occurring  till  a  little  after,  and  even  then  not  being  perfect,  ^'J^  ™" 
an  aperture,  the  foramen  ovale,  existing.  This  is  tlie  state  of  things  at 
about  the  twelfth  week ;  of  the  five  branchial  arches  two  dignppear, 
the  aortic  bulb  then  divides  into  two  tubes,  which  are  to  be  the  aorta 
and  pulmonary  artery  reepectively-  Next,  ome  of  the  branchial  arches 
forms  the  subclavian  and  carotid  arteries.  Of  the  middJe  pair,  the  right 
is  obhterated,  but  the  left  remains  to  constitute  the  arch  of  the  aorta. 
Of  the  lowest  pair,  the  right  forms  the  right  and  left  pulmouiuy  arteries, 
and  the  left  constitutes  the  ductus  arterioaue. 

The  blood-system  having  reached  its  fiill  development,  the  fcctal  circu- 
lation may  be  described  as  followa:  From  the  placenta  ox-  jhe  fteml  dr- 
idizcd  blood  is  brought  tiirough  the  umbtlical  vein,  a  part  cuIbUoq. 
passing  into  the  ascending  cava  through  the  ductus  venoaus,  and  the  rest 
into  the  liver  through  the  vena  porta;,  from  which,  by  the  hepatic  vein, 
it  also  reaches  the  ascending  cava.  In  its  passage  to  the  heart  it  be- 
comes adulterated  with  blood  derived  from  the  trunk  and  lower  extrem- 
ities. lE  next  gains  into  the  right  auricle,  and,  to  some  extRnt,  is  kept 
from  contamination  with  tlie  venous  blood  coming  through  the  descend- 
ing cava  by  means  of  the  Eustachian  valve,  which  directs  the  arteri- 
alized  blood  through  the  foramen  ovale  into  the  left  auricle,  from  which 
it  gains  the  left  ventricle,  and  also  directs  the  venous  blood  of  the  de- 
scending cava  into  the  light  ventricle-  The  blood  which  is  ia  th©  left 
veutrido  is  driven  therefrom  into  the  ascending  aorta,  and  supplies  the 
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head;  hut  the  Tenons  blood  which  is  in  the  right  ventricle  is  driven 
therefrom  through  the  pulmonary  artery  and  ductus  arteriosus  into  tlie 
descending  aorta,  and^  mingling  with  the  arterial  blood  therein,  passes 
to  the  trunk  and  legs.  Ot'  this  blood  a  portion  is  then  curied  to  the 
placenta  to  be  arterialii^ed. 

At  the  moment  of  birtk  a  change  takes  place  in  the  manner  of  the  cir- 
culation, which  is  now  arranged  upon,  the  type  described  at  page  134. 
This  is  accompliahcJ  as  deacrihed  at  page  148. 

From  the  description  wliich  has  thus  been  given,  it  may  be  gatlicred 
Three  ti-pea  of  that,  Up  to  the  period  of  birtli,  three  distinct  tj-pes  of  nutri- 
nutfiiioii,  tion  have  been  followed.      Tliey  may,  with  suffioient  accura- 

cy, be  designated,  lal.  Yolk  nutrition ;  2d,  Tuft  nutrition ;  3d.  Placental 
nutrition.  To  these  may  be  added  the  two  followed  at  a  later  period: 
4th.  Lactation,  and,  ai'ter  the  dental  meclianiBm  is  supplied,  5tli.  The  did 
of  mature  life 

Respecting  the  development  of  special  organa,  it  may  be  remarked  tliat 
The  vMtebuI  "^f  those  which  are  permanent,  the  vertebral  column  is  one  of 
column.  -(iig  j^rat  to  Bppcar ;  it  shows  itBclf  under  the  form  of  isolated 

(juadrangular  elements.  The  gelatinous  cellular  structure,  chorda  dorga- 
Ub,  acijuircs  a  aheatht  which  assumes  a  fibroua  stnicture,  and  from  thia, 
in  the  lower  vertebrates,  the  vcrtebne  are  evolved.  In  man,  the  ele- 
lueotai-y  quadrangular  plateS  arc  considered  to  have  an  independent  ori- 
gin. As  they  increase  ia  number  and  size  they  surround  the  chorda, 
iind  projections  springing  from  their  superior  surface  furni  arches  to  en- 
velop the  spinal  cord.  Kach  vertebra,  therefore,  is  constructed  by  the 
umon  of  two  pieces,  one  on  either  side.  These  first  assume  the  condi* 
tion  of  cartilage,  and,  later,  the  body  and  arches  ossity  from  Beparatc 
jraints.  The  chorda  dorAalis,  which  has,  during  this  development,  been 
gradually  evolved  in  the  bodies  of  the  vertebra,  disappeara. 

The  bones  of  the  skull  arc  inetaniorphoBed  vertebrae,  of  which,  accord- 
ing to  Professor  Owen,  four  appear  to  have  undergone  change.  To  these 
Ihc  auditory,  gustative,  optic,  and  olfactory  nerves  are  respectively  re- 
lated, in  the  same  manner  that  the  spinal  ner\'es  are  to  their  vertebra?. 

In  the  descriptions  given  in  the  preceding  part  of  this  work,  incidcnt- 
Ddveiopmeiit  al  allusion  to  a  sufficient  extent  has  been  made  to  the  derd- 
tuj  cif  orEoi^it  *^P"><2i't  of  most  of  the  apparatus  of  organic  and  aUo  aniiool 
lifo-  life.     It  may  therefore  here  be  briefly  lelatcd  that  the  ali- 

mentary canal  originates  in  the  pinching  off  of  a  part  of  the  blastodermic 
vesicle  below  thn  spinal  column.  At  lirst  it  is  a  straight  tube,  wtiicb 
communicates  about  its  middle  with  that  vesicle,  but  aft>er  a  time  shows 
its  eventual  division  into  a^sophngus,  sloraacb,  large  and  small  intestines, 
aaauming  an  oblique  position  on  the  part  to  be  occupied  by  the  stomftch. 
and  then  cur^'ing  in  the  i*egion  of  the  intestine.     From  a  part  of  tbia  tube 
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the  liver  emerges  as  a  thickened  deposit  of  cplls,  into  which  the  wall  of 
the  intestine  hitlgca  so  as  to  form  a  kind  of  sac,  and  from  this  ndiment 
a  ramitied  structure  arises,  which  at  lost  rcoedcs  from  it3  place  of  origin, 
and  ia  conrtectt^d  with  the  intcatme  bv  the  hcpatirr  duct.  The  commpuce- 
ment  of  this  structiire  ia  about  the  third  week,  but  it  proceeds  with  bo 
much  rapidity  that  in  the  third  month  it  nearly  fills  tJje  abdominal  cav- 
ity. The  functions  of  the  liver  at  tliia  pfirio*!  have  aJready  bcpn  pointed 
out,  the  meconium  it  secretes  being  nioditietl  bdc  (puge  202).  In  Uke 
manner,  from  the  digestive  Iract,  the  pancreas  ami  salivary  glands  orig- 
inate from  masses  of  cells,  ducts  being  formed  by  deliquescence  of  por- 
tions witliiii.  From  t!ic  alimentary  canal,  also  by  bndding  and  deliques- 
cence, the  litngs  arise,  their  cavity  communicflting  at  first  by  several  aper- 
tures with  the  pharynx.  Tliis  occurs  altout  the  sixth  week.  These  organs 
are  graJually  removed  from  tho  place  of  origin,  as  m  the  case  of  the  liven 

The  Wolffian  bodies  are  temporary  urinary  organs,  which  precede  the 
kidneys  and  eventually  disappear.  They  are  of  an  ovoid  71,0  Wolffian 
shape,  and  consist  of  a  duct  from  which  transverse  canals  ^i^>^s. 
branch  forth,  the  duct  discharging  into  the  siniis  urogenitalis.  They 
originate  about  the  end  of  the  tirst  month,  and  commence  to  dcptenerate 
in  the  third.  In  fislies  they  remain  as  the  permanent  urinary  npparatua. 
The  testes  or  ovaries  arise  from  the  inner  margin  of  the  Wolffian  body, 
the  former  being  guided  into  the  scrotura  by  the  gubemaculum.  This 
descent  commences  between  the  fourth  and  fifth  month,  and  ia  completed 
at  birth  or  sliortly  after. 

Among  the  indications  that  conception  has  occurred  are  usoaJIy  enu- 
merated, stoppa^  of  the  menses,  the  placental  murmur,  the  inriK-ationsof 
development  of  the  mammary  gland,  its  sense  of  pain  or  ten-  ^nci^pt'on- 
derneiis,  the  color  of  the  areola,  the  turgescence  of  the  areola  and  nipple, 
irritability  of  the  stomach.  Quickening,,  aa  it  is  termed,  usually  occurs 
about  the  eighteenth  week,  and  parturition  in  the  fortieth,  or  at  the  close 
of  280  days.  With  respect  to  this,  it  is  admitted  that  the  term  may  be 
possibly  prolonged,  in  very  rare  capes,  by  40  days.  The  French  laws  le- 
gitimatize a  child  bom  within  300  days  ;  and  that  such  variations  of  the 
proper  term  may  occur  is  proved  by  observations  made  upon  domestic 
animals,  in  which  the  duration  of  pregnancy  can  be  ascertain-  p,rimi  of  ge». 
ed  with  precision.  In  the  cow,  which  has  the  same  period  of  t*i-'on- 
gestation  as  the  human  female,  the  ehortest  period  hitherto  observed  ifl 
'il3  days,  the  longest  336.  The  shortcHt  period  at  winch  human  par- 
turition can  occur,  consistent  with  the  viability  of  the  diUd,  appears  to 
be  about  23  weeks. 

The  act  of  parturition  in  its  first  stage  ia  to  be  referred  to  a  contrac- 
tion of  the  muscular  fibres  of  the  fundus  and  body  of  the  Mechanism  »f 
uterus  with  a  aynclirououfi  rokxatioa  of  those  of  the  cervix.  p"rti»"'i«n- 
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At  a  later  period  the  contraction  of  tiie  expiratory  muscles  assist  j.  After 
liirlh  iaaccomplis]icd,tiie  mouths  of  t be  uterine  vessels  are  dosed  throogli 
tJie  coutraction  of  the  organ,  the  lochial  discharge  carrjTug  with  it  any 
disintegrated  residues  of  tlie  deciduous  membrane,  and  also  large  quanti- 
ties of  fat,  derived  probably  fvoax  the  de^u^xation  of  the  utehae  strao 
ture  itself. 

That  both  parcnta  are  concerned  in  imparting  characteriattca  to  the 
Ittfluenre  of  child  there  can  be  no  doubt :  it  ia  fully  established  where  they 
bolt  pnrentB.  gj-g  of  different  races,  as  white  and  black,  or  white  and  red; 
and  equally  in  the  case  of  animaU,  as  in  mules,  produced  by  tb'e  mix- 
ture of  different  kinds.  It  is  scarcely  necessary  to  remark  that  this  ex- 
tends to  tJie  communication  of  more  relined  ireculiarifiea,  the  resemblance 
of  countenance,  hgure,  gesture,  and  even  mental  quahtics,  family  like- 
nesses which  we  daily  observe.  These  impressions  are  of  a  much  more 
profound  character  than  might  at  tirst  be  supposed,  as  is  proved  by  the 
fact  tJiat  the  third  generation  will  exhibit  peculiarities  belonging  to  its 
progenitors,  though  those  peculiarities  have  not  occurred  in  the  second. 
Even  afler  parturition  is  over 'there  still  remains  inipiesaed  upon  the  fo- 
male  a  definite  change:  this  is  illustrated  by  the  well-known  case  of  a 
mare  which  had  borne  a  colt  by  a  quiigga,  her  aubsequent  coUs  by  Lotses 
being  distinctly  marked  like  the  iiri^t ;  and  in  the-  human  female  cases 
are  of  common  occurrence  in  which  the  oH'spring  of  a  widow,  who  has 
been  married  a  second  time,  resemble  her  first  husband.  3Iarriage  pro- 
duces in  tliia  respect  a  permanent  ehaiigc  in  liie  female,  a  constitutional 
impression  not  di.^apijearing  in  any  length  of  time,  the  iuHuence  of  the 
first  husband  reappearing  in  tlic  children  of  a  Hubscquent  contract. 


3d.  OBUHAnotr. 

The  ascending  axis  of  a  plant  is  terminated  by  a  differentiating  part, 
Gemniatinn  of  fiurroundcd  by  protecting  stnicturea.  From  this»  as  growth 
plants  and  uai-  takes  plstce,  leaves  or  their  modificalions  are  produced.  Tliis 
"    '  differentiating  part  ia  a  bud.     In  like  manner  may  be  found 

in  the  axils  of  leaves  similar  buds,  whit:h  pasa  by  development  into 
hranchea,  but  sooner  or  later  the  terminal  huda  are  checked  in  their  lott- 
gitudinal  increase,  and  the  parts  to  which  they  would  have  given  origin 
jio-set  spirally  being  tjompresacd  into  circles,  a  flower  ariBeo, 

and  furtiier  development  ceases,  the  reproductive  phase 
being  now  assumed. 

Among  the  lower  animals  propagation  by  bucU  ifl 

also  observed.     Thus  the  hydra  esliibltB  this  mannw 

of  incrcBBe,  as  seen  in  J^ig.  235;  and  even  upon  the 

buds  thus  produced,  other  buda,  of  a  second  order  or 

Hjrdr.b«iiWiQt        generation,  are  found. 
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Propagation  through  the  ^ency  ol"  buds  13  tcrmGul  gemmaliop,  II 
may  be  accoraplkshccl  either  by  the  natural  or  artificial  separation  of  tlie 
huda  Irani  the  parent  stock.  Thus,  in  the  liydra,  the  buds  may  spon- 
taneously be  Bi3parated  from  the  parent,  and  thereby  givo  rise  to  free  in- 
dividuals, or  they  may  he  purposely  cut  off  with  the  same  result.  In 
the  case  of  plants,  artificial  separation  is  constantly  resorted  to,  an  m  the 
varioug  methods,  of  budding  and  grafting  employed  by  horticulturists  for 
obtaining  the  finer  TarietJes  of  flowers  or  fruits.  It  conaista  Method*  of 
eaaentiaUy  in  placing  a  bud  of  the  plant  which  Jt  is  deaired  to  ef"'''''*!- 
propagate  upon  a  stock  of  a  dilFerent  kind,  in  such  a  way  that,  as  devel- 
opment of  the  bod  or  scion  takea  place,  union  or  incorporation  with  the 
stock  shall  occur.  There  are  many  different  ways  in  which  grafting  may 
be  performed:  they  all  depend  for  their  sucuesa,  iiowever,  upon  eauaing 
the  alburnum  of  the  ecion  to  coincide  with  that  of  the  stock,  ho  that  the 
vessels  of  the  former  may  receive  the  sap  arising  from  those  of  t!ie  latter. 
When  the  parts  are  thus  adjusted,  they  are  to  be  retained  in  their  posi- 
tion by  bandages  or  other  suitable  means,  and  protected  from  the  air  and 
rain  by  me^ns  of  day  or  wax.  The  most  auitiible  time  for  this  opera- 
tion is  in  the  spring,  just  previous  to  the  rising  of  the  sap. 

Tiiere  arc  certain  limits  within  which  the  operation  of  grafting  must 
be  perfunnetL     The  stock  and  the  scion  must  be  nearly  re-  Limits  of  gem- 
lated  to  each  other.     If  species  of  different  natural  orders  be  ^'^^''^^ 
grafted  they  will  not  take,  but  the  species  of  tiie  same  genus  may. 

If  in  this  roamier  we  take  a  bud,  and  graft  it  on  a  atock  of  an  allied 
kind,  it  will  caiitinue  to  gmw  and  develop  m  the  same  man-  pj  .^  .  of 
ner  that  it  might  have  done  wTthout  detachment  from  the  prop«p«.tion 
parent  plant,  and  in  the  same  manner  from  the  new  plant  that  y^""" 
baa  thus  arisen,  by  a  repetition  of  the  proce^^s,  plant  after  plant,  for  many 
generational,  can  be  secured.  Experience  has  taught  ua  that,  whatever 
might  have  been  the  peculiarities  of  the  original  from  which  the  first  bud 
was  taken,  those  peculiarities,  whether  of  odor*  taste,  color,  or  shajwi,  will 
reappear  in  the  product ;  hut  experience  has  also  taught  ua  that  there  is 
a  limit  beyond  wliich  these  repetitions  can  not  be  conducted.  The  val- 
ued fruits  and  tlowers  of  the  old  times  ha^'e  thus  disappeared.  Propaga- 
tion by  gemmation  is  therefore  considered  as  tending  to  exliaust  the  orig- 
inal plastic  power.  But  it  is  to  be  remarked  that,  if  from  these  artifici^ 
growths  seeds  be  taken  and  caused  to  germinate,  the  plants  so  arising  no 
longer  preaent  the  special,  and,  perhaps,  valued  peculiarity,  but  in  many 
instances  run  back  at  once  to  the  original  and  wild  atocK. 

We  are  apt  to  attach  to  propagation  by  gemmation  more  importance 
than  it  really  deserves  in  a  philosophical  point  of  view  when  it  thus  ap- 
pears to  have  given  rise  to  new  and  successive  generations  of  individuals. 
But,  after  all,  wherein  doea  it  diS^er  essuutially  &om  what  goes  on  nalur- 
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ally  ?  The  mann'Cr  of  extension  of  any  given  plant  is  by  bud  after  bud 
in  sDCCGSiBion,  either  terminal  or  axillary ;  but  this  extension  does  not  go 
on  indtitinitely ;  it  reaches  a  limit  both  as  respects  size  and  duration. 
We  never  notice  in  tlie  development  of  a  bud  which  remains  attached  to 
its  parent  stock  the  spontaneous  appearance  of  novel  qualities.  The 
flowers  and  fruits  are  like  all  the  otliers  upon  the  same  plant.  If  audi 
a  bud,  thenv  removed  from  its  parent  seat,  be  permitted,  under  favorable 
conditions,  to  grow  elsewhere,  it  might  be  expected,  as  Is  actually  the  case, 
that  it  would  go  on  in  its  development  without  exhibiting  any  alterations. 

Egsentially  of  an  exhausting  nature,  reproduction  by  gemmation  ia 
limited.  It  can  only  be  repeated  a  definite  number  of  times.  At  the 
most,  all  that  we  do  in  this  artificial  process  ia  to  oblaiu  a  part  of  an  old 
individual  under  &  new  and  isolated  form.  We  thereby  relieve  such 
new  growth  from  the  chance  of  those  accidents  which  may  betkll  the 
original  stock;  but  both  for  the  one  and  for  llie  other  there  is  a  delinitc 
terra  of  life,  "When  tliat  term  is  approached,  though  we  may  take  sci- 
ons or  buds,  and  treat  them  with  every  care  in  the  usual  operation  of 
grafting  or  budding,  the  operation  will  falL 

There  ia  a  certain  analogy  between  this  incorporation  of  the  parts  of 
diJferent  plants  and  the  so-called  grafting  or  Taliacotian  operations  wliich 
are  sometimea  performed  on  the  parts  of  aniniala,  as  the  transplantation 
of  the  spur  of  one  bird  on  the  top  of  the  comb  of  Another,  or  many  of  the 
plastic  01>eration3  of  sUrgery ;  but  these  parts  do  nOt  ncceasarilv  perish 
in  the  manner  which  batt  been  indicated  by  Butler  in  his  Hudibras. 

Propagation  by  gemination  and  reproduction  by  generation  are,  Jn 
many  instances  in  the  animal  scries,  resorted  to  alternately  for  the  con- 
tinuation of  the  race.  Tlius,  during  the  summer  season,  propagation  by 
gemmation  may  serve  to  increase  the  number  of  a  given  kind,  but  if  these 
should  be  unable  to  maintain  themselves  during  the  cold  of  winter,  the 
race  would  inevitably  become  extinct,  unlcaa  reproduction  by  ova  were 
resorted  to;  for  though  the  developed  animal  may  not  be  able  to  witb- 
IniiQBTifaof  stand  tlic  decline  of  temperature,  the  ova  may.  Thus,  in 
Ip^ntYnenua*"  ^  hydra,  proiKigatiou  by  gemmation  continues  until  the  cx- 
gommntion.  temal  temperature  lowers  to  a  certain  degree,  and  that  at 
once  brings  on  a  reversion  to  the  other  process.  The  »ame  thing  has 
been  observed  in  tlie  case  of  the  aphis,  which  multiplies  by  gcmmatioa 
until  there  is  a  reduction  of  temperature*  and  then  it  multiplies  by  genei^ 
ation.  We  have  already  dwelt  at  length  on  the  control  which  CLXlemal 
circumstances  have  over  development ;  it  is,  therefore,  no  more  than  tnigbt 
be  expected  that  they  should,  in  like  manner,  determine  the  processes  of 
propagation  and  reproduction. 

Uemmalion  occurs  only  in  a  very  doubtfiil  way  and  under  special  cir- 
cumstances among  Uie  more  advanced  members  of  the  animal  seriea.      In 
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man,  there  is  reason  to  BUppose  that  geinniation  can  only  take  pUcC  in 
the  earliest  perioda  of  existence,  perhaps  at  the  epoch  ol'  the  formation  of 
the  miUbciTj-  mass.  Upon  this  principle  an  explanation  of  the  occur- 
ence of  double  monsters  haa  been  given. 


3d.    ALIERHAnOX  OF   a  GHEIU.'nOKS, 


It  lias  been  already  explained  that  by  this  phrase  19  meant  that  a  pa- 
rent plant  or  animal  will  give  origin  to  a  form  wholly  unlike  j^^,j„^^j^  ^„. 
itself,  and  this  form,  perhapa  after  the  lapse  of  years,  will  maiiunaHr] 
give  origiu  to  another  unlikii  itself,  but  BiniUar  to  the  original  ^i™'^'''*"""' 
progenitor.  Thus  the  yalpw  present  themselves  under  two  diftbrent  as- 
pects, the  solitJiry  and  the  aggregated,  the  latter  being  produced  from  the 
former  by  being  budded  off  in  an  internal  stolon,  the  individnals  being 
united  to  one  another  in  an  aggregation  or  chain  after  they  have  been 
separated  from  the  parent.  These  aggregated  salpa-  alone  have  sexual 
organs  and  produce  ova.  From  each  ovum  a  solitary  salpa  arises^  which 
repeats  the  process  described  again.  The  solitary  salpa,  therefore,  mul- 
tiplies by  gemmation,  the  aggregate  by  generation.  Nor  is  this  process 
confined  to  animals ;  it  is  also  observed  in  the  caae  of  plants.  Thus, 
in  ferns,  the  spore  producer  the  [^rothallium,  whieh  becomes  a  dislinot  or- 
^niam,  separated  troru  its  parent,  and  carrying  on  its  nutritive  processes 
jnJcpendenlly  tor  itself,  I'rom  it  arises  by  generation  a  fern  like  the 
original,  which,  like  it,  by  gemmation,  produces  jirotiiallia,  but  never 
directly  produces  a  fern.  Therefore  between  eacli  tern  and  its  descend- 
ant aprothallium  intervenes,  the  prothalllum  arising  by  gemrUiation  :&oin 
the  feni,  aJid  a  fern  arising  by  generation  from  the  prothallium. 

After  a  careful  esarainaiion  of  Steenairap's  doctrine  of  altemationa  of 
generation,  Dr.  Gari>enter  concludes  tliat  it  can  not  be  re-  ,.  , 
ceived  in  the  form  originally  presented,  since  we  should  re-  of  ahcrnaiions 
gftrd  a  generation  aa  embracing  the  entire  product  from  gen-  "f**"^™'"""- 
erative  act  to  act.  Indeed,  the  intermediate  forma  are  often  nothing 
more  than  sexual  organs,  furnished  or  not  with  an  apparatus  of  locomo- 
tion, or,  in  t!ie  more  complicated  cases,  having  a  mechanism  of  nutrition 
attached  suthcient  for  their  purpose.  The  correctness  of  this  interpreta- 
tion may  be  illustrated  by  such  cases  a'a  the  development  of  medusa  buds, 
which,  being  first  attached  to  the  parent,  gradually  exhibit  the  formation 
of  an  independent  digestive  apparatus,  and  when  this  has  reached  a  cer- 
tain degree  of  pertection,  they  are  separated  and  swim  off,  generative  or- 
gans then  arising  in  these  buds  by  which  true  ova  are  formed.  In  the 
Sentularidfl)  buds  are  developed  in  ovarian  capsules,  and  these  reproduce 
in  their  turn  ova  by  generation.  The  rate  at  which  gemmation  goes  on 
in  many  of  these  inatancea  is  obviously  connected  with  physical  condi- 
tions, more  particularly  the  degree  of  temperature  and  the  supply  of  food. 
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The  fact  of  tlic  apparent  diasiniilarity  between  the  prodnct  of  gemsu- 
tion  and  the  product  of  generation  oeascs  to  have  any  force  us  soon  a." 
we  consider  the  funner  in  the  attituiic  wliidi  it  regally  ought  to  occupy, 
as  not  constituting  a  distinct  individual,  but  merely  a  part,  a  derivative, 
or  an  appendix  of  the  product  of  generation  ;  and  this  view  of  Dr.  Car- 
penter's fleema,  therefore,  to  be  the  proper  interpretation  of  the  whole  case. 


CHAPTER  T. 

TDE  GJIOWTH  OF  MAN. 

Ii]f<mcit. — Weight  and  Site  i>f  ikt  Jn/axt. —  Weight  andSise  at  wabatipiait  Perwd*. — Dtrtie/t- 

»\fnl  0/ thr  I'lUJlwt.—MatuFliy  1^  Mem. —  Ti-aiimng  to  Wme, — Mtuiiiia  p/' J^yrical tm*l iO*- 

tai  S(r':mfth. 
Mf«ral imj  Phi/i^riit  DfrliM,— Mortality  at  diffemt  PfHods  of  Uft.—  Cov^Kiraiivt  Stimtmt, 

J'tii/i/ioiif,  and  iJorta/ilif  of  tlif  tvo  ^txtx, 
Artijiiia!  Kjioda  of  Uj'e. — ijraduat  Cfuoige  in  tie  Mental  HuaUlics.~—Iniit})ntdrnt  ExiiUmet  ^ 

Vt  SouL 

Is  ilic  last  chapter  the  saccessive  stages  of  embryonic  development 
were  described.  It  was  shown  that  at  one  period  nutrition  is  solely  at 
the  ejpenae  of  the  yolk  of  the  ovum,  which  is  apprt^priatcd  hy  a  simpln 
surl'acc-imbibition ;  and  ihut  this,  iji  due  time,  is  succeeded  by  what  has 
been  designated  tuft  nutrition.  At  a  later  period,  this  mode,  in  its  tunu 
ia  replaced  by  another,  depending  on  a  vascular  arrangemeni,  the  pla- 
jiifaiiL'j  uf  centa.  Far  a  considerable  period  alter  birth  a  fourth  system  is 
"^"-  relied  on,  nourishment  by  milk }  and  it  is  only  by  degrees,  when 
the  necessary  changes  have  been  made  in  the  digestive  mechanism,  the 
teeth  being  cut,  that  the  final  mode  of  nulrilioti  h  assumed.  Even  after 
this  the  human  infant  leads  a  dependent  life,  because  of  its  own  weak- 
ness and  imbecility,  irrespectively  of  any  peculiarities  of  our  social  state. 
So  far,  therefore,  from  man  not  exhibiting  those  metamorphoses  wliicli 
are  undergone  by  the  lower  members  of  the  animnl  series,  he  of  all  dia- 
playa  them  in  the  most  marked  way.  for  they  do  not  cease  at  the  period 
of  birth,  but  reach  through  many  subsequent  years — a  gradual  develop- 
ment of  the  body,  attended  by  a  gradual  change  in  the  manifestaTioDs  of 
ihc  mind. 

At  birth,  the  human  infant  is  the  very  representative  of  weakness  and 
imbecility.  Though,  unlike  many  other  ni^mraals,  it  ofjens  its  eyes  at 
once,  it  exhibite  no  token  of  visual  perceptions  ;  though  it  may  be  Bub- 
jcctod  to  sounds  or  noises  of  various  kinds,  it  takes  no  notice  whatever 
of  iheni.  This  condition  of  inertness  ia  followed  hy  a  condition  of  con- 
fused senaalion,  which  by  degrees  ia  succeeded  by  a  capability  of  ap- 
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preciating  special  ideas,  liufibn  has  very  truly  aaid  timt  the  carJioat 
jwriod  cf  conscious  existence  is  a  scene  ot"  pain,  tlie  life  of  tlic  infant  be- 
ing divided  between  elccp  and  crying;  from  its  slumbers  it  is  awakened 
only  by  the  pains  of  hunger ;  nor  is  it  until  after  tbe  lapse  of  many  days, 
or  even  weeks,  tUat  the  first  smile  is  seen.  It  is  too  feeble  to  turn  from 
side  to  side,  but  remains  in  the  position  in  which  it  was  placecL  Its 
skin,  which  at  birth  was  covered  over  with  a  whitish  incrustation,  the 
vemix  easeoea,  becomes  reddish,  the  depth  of  this  tint,  howevcrj  shortly 
passing  away.  At  thia  period,  moreover,  life  la  purely  vegetative,  the  in- 
fant feeding  and  sleeping.  The  bllJflry  matter,  meconium,  which  had  ac- 
cumulnted  in  its  intestine  during  fecial  life,  i3  discliargeJ  in  the  course  of 
a  day  or  bo  after  birth,  and  the  digestive  apparatus  enters  on  its  functions 
with  activity. 

It  is  said  that  the  infant  amiles  soon,  after  it  is  forty  days  old;  though 
it  can  cry  it  can  not  Ehed  tears.  Before  long  it  gives  indications  of  its 
satisfactions  and  dislikes.  The  power  of  moving  in  an  erect  posture  is 
gained  by  it  in  the  course  of  a  year,  and  by  tlie  close  of  that  time  it  can 
masticate.  Of  its  teetli,  tlie  central  ineisora  apjjear  about  tiie 
seventli  month,  those  of  lliti  lower  jaw  first ;  the  hifoial  incisors 
about  the  eight  Of  tentli,  tbe  anterior  molars  about  the  twelfth,  and  the  ca- 
nines about  tbe  eighteenth,  the  posterior  molars  being  cut  between  tliat 
time  and  three  years.  The  average  date  of  the  appearance  of  the  perma- 
nent teeth  is,  the  front  molara  about  the  seventh  year;  middle  incisorsj 
eighth;  lateral  incisors,  ninth ;  anterior  bicuspids,  tenth;  second  bicuspids, 
eleventh;  canines,  twelfth  to  thirteenth;  second  tnokrs,  twclftii  to  four- 
teenth; and  the  last  molars  from  the  sevenlcenlh  to  the  twenty-first  year. 

The  power  of  articulalc  speech  is  displayed  within  twelve  or  fifteen 
months,  some  letters  being  more  easily  gained  than  others;  among 
them  are  A,  B,  P,  31.  ''"'  ' 

From  henceforth  tlie  mind  emerges  with  rapidity  fiom  the  confusion 
of  a  multitude  of  impressions,  and  learns  to  concentrate  itself  ,. 
at  pleasure  upon  one.     This  capabuity  of  mental  abstraction  c^r  the  »ueii< 
is  ft  process  of  specialization,  and  is  a  manifestation  of  the  """' 
law  of  Von  Biir.    The  intellectual  difference  which  we  eventually  obseiTe 
between  one  man  and  another  is,  to  no  inconsiderable  degree,  dependent 
upon  such  an  ability  of  concentrating  thought.     He  who  coupcivea  of  a 
thing  distinctly  is  very  likely  to  express  liimself  of  it  clearly. 

Throughout  infancy  and  childhood*  the  features,  and  even  the  gestures, 
indicate  the  profound  constitutional  changes  which  are  going  on.  The 
countenance,  instead  of  expressing  pleasure  and  pain  in  the  aggregate  by 
amiiing  or  crying,  as  was  the  case  at  first,  gains  the  facnUy  of  represent- 
ing every  grade  of  feeling.  Long  before  maturity  is  reached  we  read 
without  difficulty  the  thoughts  wMch  are  passing  in  the  mind  from  the 
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movenientB  of  the  lip  or  the  eyp,  and  the  pfiintcr  can  express  every  shade 
of  feeling,  and  every  emotion,  by  the  mere  contiguration  of  the  omward 
fonii. 

The  monthly  growth  of  the  fcctus  for  six  month*  Ldbri;  birth  is  e&- 
MeflQ  length  taUished  at  two  inches.  At  birth,  the  mcam  length  of  boys 
efthfl  mfwiL  ;^  ig^  jnches,  and  of  girls  Ib^  inches,  the  former  being  there- 
fore a  little  the  longer. 

At  sbtteeu  or  seventeen  years  the  growtJi  of  girls  ie  relatively  as  much 
Growihofboya  advanced  as  that  of  youths  of  eighteen  or  nineteen.  For 
And  girU.  the  most  part,  the  inhabitanta  of  towns  are  taller  than  those 
of  the  country.  The  full  liciglit  is  not  reached,  in  some  instances,  uulll 
twenty-five  years  ^  in  very  warm  and  very  cold  climates  it  is  more  quick- 
ly attained-  The  recunibent  position  is  regarded  aa  being  favorable  to 
growth,  and,  influenced  by  his  own  M'eight,  an  individual  19  shorter  in 
the  evening  than  when  he  first  rises  from  bed  in  the  morning. 

With  regard  to  the  rate  of  growth,  it  may  be  observed  that  it  is  most 
rapid  immediately  after  birth,  and  continually  dlminiBhes  until  about  five 
years,  the  epocli  of  maximum  of  proba}iIe  Life.  It  then  remains  eqnablc 
to  about  sixteen  years,  the  annual  growtli  being  2-1  inclies.  After  pu- 
berty it  declines,  being,  from  sixteen  to  seventeen  years,  Ij  Inches,  and 
during  the  next  two  1  inch  only.  The  annual  increment  relatively  to 
the  height  then  attained  continiiallj  diminishes  from  birth.  The  ftclos 
grows  as  much  in  length  in  a  month  as  the  child  from  G  to  16  veais 
does  in  a  year.  The  limits  of  growth  of  the  two  sexes  are  uneq^ualj  be- 
cause women  are  smaller  than  men,  terminate  their  growth  sooner,  and 
annually  grow  leas.  Individnala  in  affluent  circumstances  m&y  ofteo 
surpass  t]ie  standard  height,  but  misery  and  fatigue  are  liable  to  produce 
the  opposite  efl'ect.  Longevity  is  generally  less  for  persons  of  great 
lieight. 

Afl  to  the  niasinnim  and  minimum  of  height,  it  may  bo  remarked  that 
y  .  Frederick  the  Great  had  a  Swedish  body-guard  whose  height 

miTiimum  was  eight  fcct  thrcc  incheis ;  and,  on  the  other  hand,  Birch 
cinuo  man.  gjj^jgg  ^|j„j  thcrc  was  an  individual,  37  years  old,  whose 
height  was  sixteen  inches.  In  view  of  these  and  other  such  facts, 
Quctelet  fixes  on  S  feet  3  inches  as  the  maximum,  and  1  foot  5  inches 
as  the  minimum  of  height ;  he  gives  as  the  mean  5  feet  4  inches.  Half 
the  men  of  France,  at  the  age  of  conscription,  are  between  5  feet  2  inches 
and  5  feet  6  inches,  but  the  wars  incident  on  the  great  Revolution  miade 
R  permanent  inipresoion  on  the  French  in  this  respect  by  lowering  the 
standard  through  the  consumption  of  the  taller  men.  M.Quetelet  mony- 
over  remnrks,  that  in  ten  millions  of  men  there  is  but  one  more  tluin  6 
feet  8  inches,  and  one  less  than  4  feet.  There  is  reason,  however,  to  be- 
lieve that  this  statement  will  cot  hold  good  of  America. 
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As  regards  weight,  new-born  hoys  are  heavier  than  girls.  An  avcragi' 
taken  t'roni  20,000  gives  6}  lbs.  as  the  wciglil  at  birth;  the  w«igiitirf 
maxima  and  minima  have  been  10^  tbs.  and  2i  Iba.  For  about  ""'"'""a- 
ii  week  after  birth  the  weight  dimiiiiahes,  owing  to  the  efiect  of  aerial 
respiratioru  The  difference  in  weight  between  tlie  two  sexes  gradually 
diminishes  until  about  the  Iwclt'ih  year,  when  an  equality  ia  readied. 
The  maxinium  weight  is  attained  about  40,  and  as  60  is  ap-  ^-^j  ],(  j,  ^(_ 
preached  a.  diminution  is  jjerceived,  which  reache^i  12  lbs.  rcfeiit  periods 
at  about  80  yeara,  the  slaturc  likqwise  correspondingly  di-  "  "' 
miTiishing  by  about  2^  inches  ;  the  t'emale  reaehea  her  maximum  weight 
somewhat  later,  at  about  50  years.  The  extreme  limits  of  weight  iu 
men  arc  108  lbs.  and  216  lbs. ;  in  women,  87^  lbs.  and  206j  lbs.  The 
mean  weight  at  nineteen  is  nearly  that  of  old  age  in  both  sexes.  At  full 
development  the  male  and  female  weigh  altnasE  exactly  20  times  as  much 
as  at  birtli.  In  the  first  year  the  infant  of  both  sexes  triples  its  weight. 
It  ri^quires  six  years  mCirc  to  double  that,  and  thirteea  to  quadruple  it. 
Immediately  after  puberty  both  scxea  have  half  their  ultimate  weight. 
Between,  the  ages  of  25  and  40  the  mean  weight  of  the  male  is  iSG^Ibs.! 
and  of  the  female  l-Oj  lbs. 

With  respect  to  tlie  relation  between  weight  and  height,  if  man  increased 
i:qual]y  in  all  hia  dimensions,  the  weight  wouhl  be  as  the  cube  b„[,(|„„  ^f 
of  the  height ;  but  since  tliia  is  not  so,  develo|)mcnt  taking  place  hcit^ht  and 
unequally,  ihq  proportion  is  not  observed,  and  it  is  tbund  that  ^"^ 
from  the  end  of  the  iirst  year  to  puberty  tlie  weights  are  as  the  ^eqiiares 
of  the  Iteights,  M.  Quelclct  gives  aa  an  approximate  rule  that  during 
development  the  squares  of  the  weights  at  ditleient  ages  arc  as  the  tilth 
power  of  the  heights,  the  transverse  growth  being  leaa  than  the  growth 
in  height.  The  mean  weight  of  a  male,  without  reference  to  age,  is  103 
lbs. ;  of  a  female,  9'A^.  A  similar  calculation  for  the  popidation  of  the 
United  States  as  that  which  has  been  given  by  this  philosopher  for  Brus- 
BcU  would  give  for  the  total  weight  of  all  Americans  two  thousand  bix 
hundred  and  thirteen  millions  of  pounds. 

The  weight  of  an  Individual,  considered  without  reference  to  ag«  of 
sex.  is  lOQ-j-%  lbs. 

From  birth  until  puberty  the  mode  of  life  is  essentially  vegetBtive,  all 
the  iuBliiicts  having  relation  to  the  individual  and  corporeal  deyclopment. 
Except  through  the  intervention  of  educaiion,  the  de.sirc8  of  the  cliild  are 
chiefly  directed  to  the  pleasures  of  mere  vegetative  exiatence,  eating  and 
drinking;  and  tliis,  in  savage  races,  is  witnessed  in  a  much  more  mark- 
ed manner  than  in  those  that  are  civilized,  in  wliom  the  manner  of  life  is 
affected  through  tlie  intervention  of  parental  care.  In  this  parlicular  it 
may  be  remarked  that  maternal  love  is  divisible  into  am  in-  Mswrnai  Wv» 
stinctivc  and  a  moral  affcclion,  the  former  of  a  lower  and  ott^olundi. 
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more  animal  kind,  the  latter  of  a  higher  and  intellectual  j  the  former  Um- 
jted  10  the  period  oCiiifanlile  helplessness  and  dependence,  and  succeed- 
ed by  the  Utter  as  malurer  years  are  attained.  In  savage  racca,  howev- 
er, instinctive  affection  seems  alone  to  exist,  and  the  intensitj  of  moral 
affection  is,  to  a  certain  extent,  a  measure  of  civiJization,  Throughout 
Choritieror  *^^*^  ■^"'  fifteen  years  of  life,  with  the  ^adual  development 
ihu  liTu  orchil-  of  the  body  there  is  also  a  steady  intellectual  progress,  tlie 

"■  gains  of  which  seem  to  be  greatest  at  the  earlier  periods,  and 

less  and  less  marked  as  raatnrity  ia  approached.  When  we  recall  the 
wonderful  advance  accompliahcd  in  the  tirst  years,  embracing  the  acqai- 
sitioti  of  Speech,  and  a  knowledge  of  the  nature  and  qualities  of  a  thou- 
sand amrounding  objects,  we  might  be  led  to  suppose  that  our  mental 
acquisitions  decline  with  the  progress  of  life;  bat  this  is  altogether  de^ 
ceptive  ;  tor,  though  the  acquirements  of  later  year&  Le  less  obvious,  they 
are  none  the  leaa  important  and  none  the  leas  profound. 

Through  thci  successive  changes  to  which  allusion  has  now  been  made, 
The  maturity  'Cach  of  which  ia  a  strict  metamorphosis,  and  each  of  which, 
ufBuua,  ^it]^  jtg  special  structures,  has  its  9|>ecial  functions,  man  at  la^t 

reaches  maturity.  In  some  cases,  aa  we  have  seen,  the  stature  contSo- 
ucs  increasing  untd  after  tlie  twenty-llfth  year,  and  throughout  the  whole 
lliattire  period,  even  after  what  has  been  termed  the  meridian  of  life  is 
gained,  the  weight  also  becomes  greater.  This  increase  of  weight,  liow- 
ever»  has  not  so  much  a  relation  to  the  mascnlar  as  to  the  respiratory  st&- 
tem,  for  the  former  reaches  its  perfection  at  a  much  earlier  date,  the  in- 
creasing development  of  the  middle  period  of  life  being  due  to  a  continaed 
tendency  to  the  accumulation  of  fat.  At  this  ]>eriod,  moreover,  the  object 
Ot  life  has  undel'gone  an  entire  change ;  the  vegetative  propensity,  or  that 
for  the  exclusive  development  of  the  individual,  has  declined  in  prom- 
inence, and  the  reproductive  has  been  assumed.  With  this  there  have 
been  awakened  new  sentiments  and  new  emotions,  aftbrding  still  another 
corroborative  proof  of  the  connection  of  menial  habitudes  and  atmctural 
condition.  The  psychical  powers  are  now  advancing  toward  matiirilyt 
nn  advance  which  they  continue  to  make  until  aljout  tlie  fiftieth  year. 
Throughout  this  whole  period,  and  even  at  this  extreme  date,  we  still 
notice  how  much  intellectual  capacity  i3  connected  with  the  perfection  of 
corjjoreal  development.  It  needs  but  a  little  experience  for  us  to  de- 
termine  at  a.  glantie  the  intelligent  from  the  obtuse,  and  to  read  even  the 
minor  shades  of  character  in  the  aj*|>ect  of  the  face.  Without  beiog 
aware  of  it,  we  are  constantly  putting  into  requisition  the  principles  of 
phrenology  and  physiognomyt  and  drawing  eoncluaiona  respecring  chai- 
aeler  to  a  certain  degree  correct,  from  the  expression  of  the  eyes,  the  lin- 
eaments of  the  countenance,  or  the  conttguration  of  the  head. 

The  actions  of  man  are  closely  connected  with  the  physical  and  moral 
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circumstances  under  which  he  is  placed.  The  greatest  nura-  ,j,|  ^  ^.^  . 
bet  of  crimes  agiiinat  persons  and  property  ia  among  the  inhaU-  lo  ^rim*  in 
itatits  of  river- Lanka.  The  period  ot'llie  maximum  of  crtmca  ""*"■ 
against  persons  coincides  with  that  wfiich  ia  the  minimum  against  prop- 
erty, aod  13  the  summer  season.  As  respects  each  indiiridua!,  his  tend- 
ency to  crime  ia  at  firat  against  properly,  and  this  reaohes  its  majcimum 
at  about  25  years  of  age,  whereas  the  tenJtjncy  to  crime  against  persons 
commences  later  than  that  against  property,  and  increaacs  with  the  in- 
crpaae  of  strength.  In  crime,  nian^  as  he  grows  older,  substitutes  strata^ 
gem  for  force*  If  brought  up  in  a  liberal  profession,  his  tendency  in 
crime  is  against  persona,  but  that  of  the  workman  is  against  property^ 
Elementary  instruction,  so  far  aa  reading  and  writing  go,  does  not  lead 
to  the  diminution,  but  rather  to  the  increase  of  crime :  a  very  p^j^^j^igi  ^, 
important  conclusion,  more  particularly  in  the  United  States,  fcct  of  low  cd- 
in  many  portions  of  which  this  kind  of  education  is  chiefly  "'■*"^°' 
patronized  by  government,  to  the  exclusion,  to  a  certain  estent,  of  that 
which  13  of  a  higher  gradej  and  wliich  serves  to  correct  this  important 
defect.  Moreover,  superficial  education  makes  the  mind  a  ready  recep- 
tacle for  every  kind  of  imposture,  and  has  been  the  cause  of  the  rapid 
spread  of  many  modern  delusions,  such  as  spiritualism  and  homa-opathy. 
As  regards  women,  their  tendency  to  crime,  when  compared  vrith  that 
of  men,  ia  aa  23  to  100;  at  least  this  ia  the  case  in  France.  ™  ,  , 
Their  tendency  for  the  perjietrntioii  ol  crimes  against  persons  m  crimu  Id 
ia  less  than  tliat  for  crimes  against  property  in  the  propor-  """^■ 
tion  of  16  lo  26.  It  is  interesting  to  observe  that  the  physical  force  of 
womftn,,a3  compared  with  that  of  mati,  is  also  as  IS  to  2iy.  From  such 
considerations,  it  may  therefore,  perhaps,  be  concluded  that  the  morality 
of  women  ia  about  the  same  as  that  of  men,  their  physical  feebleness  and 
modesty  being  taken  into  account.  In  women,  the  maximum  tendency 
for  crime  occurs  at  about  30  years,  but  then  she  relinquishes  that  dispo- 
sition sooner  than  man.  Her  tendency  to  theft,  however,  begins  early, 
and  lasts  through  life.  When  she  desires  to  commit  murder,  she  em- 
ploys, by  preference,  poison.  In  lliis  may  be  disccme/I  the  influence  of 
her  constitutional  element,  physical  fc^eblenesa.  Timid  at  o-xjilosions  and 
at  the  sight  of  blood,  if  driven  to  llic  extremity  of  aelf-deatruction,  she 
instinctively  resorts  to  drowning.  Wonien,  like  men*  who  are  the  res- 
idents of  towns,  are  much  less  moral  than  those  who  live  in  the  country. 
This  may  be  inferred  from  such  facta  as  that  the  annual  ]>ercentage  of 
still-births  occurring  in  the  former  is  very  near  double  of  that  occurring 
in  the  latter  case;  and  though  this  may  be,  to  a  certain  extent, coimect- 
ed  with  the  fashionable  restraints  of  clothing  and  social  disaipatioms  it 
is  far  more  due  to  female  depravity.  The  illcgitimnto  births  of  loiivns 
compared  with  those  of  the  countiy  are  aa  23  to  7-     Antong  the  still- 
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born,  the  illegitimates  are  to  the  legitimates  as  5  to  3.  In  the  citj  of 
Btirliii,  the  illegitimate  still-LiirtUs  are  to  the  legitimate  in  as  high  a  pro- 
porlion  as  3  to  1. 

Tlie  passions  of  man  are  gratified  in  a  miinner  thateeeras  to  be  inde- 
penJcut  of  religious  protesBion.  Tlie  open  dissoluteness  of  one  countn* 
is  counlerpolBcd  by  the  secret  crime  of  another.  Protestant  England 
and  Catholic  France  exhibit  a  striking  iliustralion.  In  the  ibrmer,  in 
1845,  the  number  of  illegiti mates  was  70  per  thousand  of  the  whole  num- 
ber of  childjen  Lorn.     In  France  it  was  about  71. 

During  the  process  of  the  development  of  the  intellect  of  man,  various 
SuoHwiun  r  psychical  persuasions  in  succession  arise,  which  are  fref]uejit- 
fw^'chkal  per-  ly  imputcd  lo  education  or  tradition,  but  of  which  the  origin 
Busaions.  j^  undoubtedly  to  be  traced  to  t!ie  organization.     Those  gen- 

eral ideas  that  are  found  all  over  the  world,  among  all  races  of  mankind, 
wh&tever  rany  be  the  climate  in  which  they  live,  their  social  condition, 
&r  religious  opinions — ideas  of  what  is  good  and  evil,  of  virtue,  of  the 
efficacy  of  penance  and  of  prayer,  of  rewards  and  punishments,  and  of 
nnotiier  worhl:  these,  from  the  uniformity  of  their  existence  in  all  ages 
and  in  all  places,  must  be  imputed  to  the  stamp  that  has  been  put  upon 
our  cerebral  organtKation,  In  tlie  same  light  we  must  view,  as  Ur.  Prich- 
ard  has  said,  the  delusions  and  fictions  which  are  universal,  such  as 
ghosts  and  genii,  gjants  and  pigmies.  Universal  opinions  are  not  tlie 
result  of  accident,  nor  always  of  tradition.  They  are  ofteu  creations  of 
the  mind,  arising  from  peculiarities  of  its  eonatitut ion- 
Arrived  at  maturity,  the  pystem  of  man  conimettces  at  once  to  decline, 
6uei!eBgivBin»s-  the  epoclis  of  the  maximum  of  jihysical  and  mental  strength 
a^j  iiln'tiir'*^''  ^'**i  however,  coinciding;  llint  for  the  former  occurring  at 
atwngtli.  about  the  2Slh  year,  as  previously  remarked,  but  that  for 

the  latter  not  until  between  the  45th  and  OOfh  year.  At  this  period, 
wlieu  the  powers  of  imagination  and  reason  have  reached  their  lughc-st 
degree,  the  liability  lo  mental  alienation  and  insanity  is  also  at  its  max- 
Order  of  men.  ^"'"'"-  Sumcwhat  later,  the  physical  system  plainly  be- 
ul  ami  pliyni-  traya  that  it  ts  ])ursuing  its  downward  course,  retracing  the 
CB  i!i  uie.  gicpg  tlirough  which  it  passed  forward  to  development.  Soon 
there  is  an  evident  decrease  of  weight,  the  nutritive  operations  being  no 
longer  able  to  repair  the  waste  of  tJjc  body.  There  is  also  a  ditninntion 
of  the  height.  This  corporeal  decay  is  the  signal  for  a  depression  of  the 
mental  powers,  the  first  which  begins  to  yield  being  probably  that  of  con- 
centrating or  abstracting  the  thought.  As  years  pass  on,  external  im- 
pressions e.xert  a  diminished  infinence,  and  he  who  at  an  earlier  period 
readied  the  meaning  of  things,  as  it  were,  almost  by  intuition,  now  caatt 
his  eyes  over  page  after  page  without  an  idea  being  communicaled  to  bis 
mind.     The  old  man  r[uerulou6ly  complains  that  ho  reads  hia  book,  but 
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does  not  underBtand  what  it  means.  With  thJa  failure  of  pet-  Kjirpmiftoiii 
ception  the  powers  of  memory  decline,  recent  events  fading  "e". 
Away  &est,  but  those  of  early  life  being  reoollectGd  laat.  The  present  no 
Igngcr  posHesecs  an  interest,  for  the  brain  is  less  capable  of  receiving  anv 
new  impressions.  One  after  another,  ttie  organs  offense  fail  to  disch^rg*.' 
their  functions ;  the  sight  becomes  misty,  the  hearing  dull ;  there  is  an 
indisposition  for  exertion,  a  desire  for  repose.  The  white-bearded  pa- 
triarch of  a  Iiundred  years  sits  quietly  by  the  firealde,  resting  his  hands 
on  the  top  of  his  staff. 

Tnflancu  of  Longti-itg. 

Vnn. 

Attiift 124 

Mur^'an>t  Pntti;n 137 

Tlic  CiHintesa  of  Deamond „ „ , , ,.,,,,,„.., 345 

TholTiiL-  I'arr , 152 

Thorniis  Ilnmme 154 

John  Koi-in  » , 17»      " 

Hih  wifi:....  1  164 

PclcrToftotI 185 

The  mortality-  of  towns  is  greater  than  that  of  the  country.     As  we 
advance  from  the  midpt  of  tlie  temperate  region  toward  the    lq^j  ^„ 
equator  or  toward  the  poles,  it  also  increases :   thus,  in  the    i^''y- 
northern  portions  of  Enrojic,  the  annual  mortality  ia  aa  1  to  41 :  that  of 
Central  Europe,  1  to  4t)-j^  ;  that  of  Southern  Kmope,  1  to  33^.     Con- 
sidered as  respects  ditfcrent  periods  d  life,  the  rate  of  mor-  jjgj,^,i(   ^^ 
tality  varies  very  much.      Of  both  sexes,  22  p<x  cent,  die  diireroni  peii. 
before  they  are  one  year  old,  and  37  per  cent,  before  they       *     °' 
are  five  years  old.     Male  infanta  are,  however,  more  liable  to  die  imme- 
diately after  birth  than  female,  but  at  the  elose  of  about  two  years  their 
mortality  is  the  same.     Nijie  twentieths  of  the  whole  number  bom  die 
before  they  arc  fifteen  years  of  age,  that  is,  before  they  have  become  use- 
ful to  the  community. 

The  mortality  among  girlg  increases  between  14  and  18,  and  among 
men  bftween  21  and  26,     In  France  and  Belgium,  from  26  „  .  ,. 
to  30  is  the  epoch  of  marriage,  and  at  this  period  the  mortal-  mlity  of  ihc 
ity  is  tiie  same  in  both  sexes.     It  then  increaaes  tor  the  "*"■ 
women  during  the  years  of  childbearing,  and  afterward  again  becomes 
equal  for  both.     At  25  years  half  the  births  are  dead.     The  mean  life 
may  be  estimated  at  33  years.     The  maximum  expectancy  of  life  is  at 
5  years,  at  which  age  the  risk  of  mortality  is  suddenly  reduced,  and  be^ 
comes  small  till  puberty,  when,  especially  among  girls,  it  becomes  great. 
From  60  to  65  the  chances  of  life  are  again  at  a  minimum. 

To  the  foregoing  statements,  in  whicli  contrasts  have  been  drawn  be- 
tween the  male  and  female,  the  following  may  be  added :  Not  only  ie 
there  a  difference  in  the  entire  stature,  but  the  different  portions  of  the 
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fulUritka  of 
the  fetnalp. 


CompariiMinif  body  Iiavc  not  the  same  relative  size.  The  capacity  of  the 
!Jthe  irtliewvd  ^^"'^  ^"  ^^^  t't^male  is  less ;  the  body  is  longer ;  the  lower  ex- 
femde.  tremitiefi  shorter;  tKe  pelvis  of  greatej:  size,  especially  in  itp 

transverse  diameter;  the  heads  of  the  thigh  bones,  therefore,  farther  apart, 
Find  the  bones  themselves  including  a  liirger  angle  than  in  the  case  of  the 
male ;  the  chej^t  and  the  abdomen  are  respectively  moi-e  convex ;  the  trans- 
verse diameter  at  tlie  shoulders  smaller,  end  the  upper  extremities,  like 
the  lower,  shorter;  the  hands  and  feet,  fingers  and  toes,  of  less  size  The 
surface  present's  a  more  elegantly  rounded  form,  without  angularities ; 
the  skin  thinner  and  more  translucent ;  the  hair  of  tlie  liead  is  longer 
and  finer,  but  other  portions  of  the  skin  leas  covered  with  hair ;  tlie  naiJs 
gntallei  and  thinner. 

The  strength  ot'  the  female  is  to  that  of  the  male  as  16  to  26.  Her 
_  .  .  muscles  contract  with  leas  energy,  and  are  more  easily  wea- 
ried. The  peculiarittea  of  the  construction  of  the  hones  of 
her  pelvis  and  chest  respectively  give  rise  to  peculinritiea  in 
the  movements  of  the  lower  and  upper  extremities  ;  hence  the  character- 
istic manner  of  walking  and  movement  of  the  artn  in  attempting  to  throw 
a  Btonc,  In  the  chapter  on  the  voice  we  liave  already  pointed  out  the 
t'emale  peculiarities  m  speaking  and  eingiug,  and  its  more  acute  quality. 

With  respect  to  her  moral  and  intellectual  peculiarities,  these  are  man- 
.,  .     .  ifestcd,  from  the  earliest  infancy  in  the  sports  and  games 

inti!Lii;riuai  i^:-  wWch  shs  iiistinctively  follows^  Coming  to  maturity  more 
ruiiarjiips-  rapidly  than  the  male,  she  abandons  these,  tliough  they  may 
still  be  enjoyed  by  boys  of  her  own  age,  whom,  for  the  course  of  a  year 
or  two,  she  regards  with  neglect  or  even  disrespect,  a  feeling  soon  afto' 
to  be  followed  by  timidity.  Education  and  the  position  in  wliich  she 
may  have  been  placed  may,  to  a  certain  extent,  control  or  disguise  her 
habits,  but  they  can  never  wholly  obliterate  the  striking  predominance 
of  her  mora!  over  her  intellectual  qualities,  as  compared  with  man.  Ka- 
aentially  religious,  her  faith  is  applied  to  almost  all  the  ordinary  atfaiis 
of  life,  though  when  she  finds  that  she  has  been  deceived  she  is  ever  dls- 
trustfuL  From  the  earliest  times  it  has  been  i-emarkcd  that  her  revenge. 
more  particularly  when  it  concerns  wounded  pride,  Is  implacable-  Much 
more  than  the  mole  she  is  delighted  with  the  adornments  of  dress.  Her 
reasoning  powers  are  less  vigorous,  tliough  her  sensations  arc  more  acut& 
yet  she  bears  pain  with  more  resignation  than  man.  Ilcr  judgment  is 
not  so  cveidy  balanced,  and  U  often  perverted  by  the  preponderance  of 
her  feelings.  It  has  been  asserted  that  these  moral  and  intellectual  po 
culiarities  which  she  presents  when  compared  with  man  are  distinctly 
traceable  to  the  plirenologlcal  predommatice  of  the  moral  over  the  inttt- 
lectual  regions  of  the  brain. 

The  [ihysiologist  who  is  thus  obliged  to  speak  of  the  constitutional 
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and  mental  imperfections  of  the  female,  may  be  permitted  to  turn  with 
delight  from  the  dry  details  of  fltatisticH  and  anatomy  to  the  family  and 
social  relations,  for  it  is  therein  tliat  her  beanlifui  qualities  etune  forth^ 
At  the  close  of  a  long  life,  checkered  with  pleasures  and  misfortunes, 
how  often  does  the  aged  man  with  emotion  confess  that,  though  all  tlit 
ephemeral  acquaintances  Rud  attacliments  of  his  cyireer  hava  ended  in  dis- 
appointment anil  alienntion,  the  wife  of  his  youth  is  still  his  frieniL  In 
a  world  from  which  every  thing  eke  eeenis  to  he,  passing  away,  her  affec- 
tion alone  is  unchanged ;  tnio  to  him  in  aiekneas  rb  iu  healtFi,  in  misfor- 
tune as  in  prosperity,  true  in  the  hour  of  death.  When  the  Bchenies  that 
occupied  his  active  years  have  vanialied,  or,  if  realized,  are  now  no  more 
to  him  than  vanitiej  whicli  hardly  fasten  hia  thoughts ;  when,  in  the 
fechle  extremity  of  age,  every  thing  is  a  burden  to  him,  and  the  pass- 
ing excitements  of  other*  can  not  even  arouse  his  attention,  the  eclio  of 
those  prayers  is  still  lieard  which  his  unskillful  tongue  firBt  learned  at  hm 
motlier'fl  knee.  The  atem,  the  avarieious,  the  liard-lieartect,  the  intcUect- 
ual,  all  are  equally  brought  to  confess  who  was  their  tirat  and  who  ia  llieir 
last  true  friend. 

The  necessities  of  society  have  led  to  t!ie  establishment  of  artificial 
epochs  in  the  life  of  man.  In  most  countries,  the  first  recOg-  Artificial 
liizcd  movements  of  the  f«tUH  are  taken  as  the  period  from  '['""ihsofUfe. 
which  independent  life  begins,  and  the  twenty-first  year  is  t!.\ed  as  the 
tirac  of  maturity.  These  arbitrary  dates  answer  the  purpose  very  well, 
but  they  have  not  that  phyBiological  significance  winch  is  commonly  sup- 
posed, for  neither  of  ihem  coincidea  with  any  great  change  in  the  mode 
of  life,  C)f  the  metamorphoses  through  which  we  pasa,  the  final  one,  oc- 
•uirring  at  pulierty,  wluch  separates  the  merely  vegetative  trom  the  re- 
prorluctive  period,  of  life,  is.  under  the  circumstanoe^  of  the  case,  with  the 
rsception  of  the  assumplion  of  aerial  I'capiration  at  htrth,  tlie  only  obvious 
one.  The  change  which  then  ensues  ia  in  no  respect  leas  marked  than 
the  paflsage  to  the  perfect  or  imago  state  by  insects.  Development  sud- 
denly takes  on  a  new  phase,  and  with  the  physical  change  correspond- 
ingly occur  changes  in  the  psychical  endowments— modesty  and  woman- 
ly sentiments  in  the  one  sex,  courage,  the  perception  of  Jionor,  and  manly 
qualifies  in  tlie  otlier,the  capability  of  mutual  love  in  both.  Even  among 
animal-'?  under  the  same  conditions,  analogous  results  are  presented,  though 
in  a  less  rctincd  way. 

Tlie  human  s]>ecies  is  no  exception  to  the  observation  long  ago  made, 
that  the  undue  extension  of  the  vegetative  period  of  life  into  Encroothmeni 
the  reproductive  is  at  the  expense  of  the  latter.  In  the  same  nve''L^Hfd'^ 
manner  that  a  tree  overladen  with  foliage  presents  its  How-  life. 
era  scantily,  so  a  love  for  the  pleasures  of  the  table  and  a  piedominfttiBg 
•'picurean  turn  ia  often  the  indication  of  incapability. 


S4S 


CfUNOS:   OF   MENTAL  QUALITIES. 


Up  io  the  fourteenth  year,  the  human  being  lives  solely  for  itself;  its 
Gndati  instincts  arc  for  the  gratilicatioii  of  its  present  wants,  and 
nwQtaJ  "yail-  *^'o^^  Wants  arc,  for  the  most  part,  connected  with  its  ve^ta- 
dM.  tive  development.    After  that  period  its  life  is  for  the  future, 

and  ia  in  relation  to  the  race  With  tJiis  more  elevated  condition,  new 
emotions  and  passions  have  been  awakened ;  there  is  a  gradual  unfolding 
of  the  mental  powers,  and  a  balancing  arising  from  increased  knowledge 
and  increased  experience ;  yet,  even  now,  the  mental  qualities  that  are 
most  marked  are  only  the  extension  of  those  the  germ  of  which  may  be 
discovered  at  tlie  first  dawn  of  reason,  and  the  sanio  may  be  said  even 
of  our  intellectual  impressions.  The  ideas  we  have  gathered  as  mcmlM^re 
of  a  family  are  reproduced  and  expanded  in  our  religious  views,  and  the 
government  of  Cod  is  presented  to  the  human  lieart  Jess  acceptably  when 
he  ia  set  forth  ae  the  iUmighty  Maker  of  the  world  than  as  the  Universal 
Father  and  Giver  of  all  good. 

In  a  preceding  chapter  I  have  already  shown  how  the  existence  of  the 
Panllel  of  ic(Ji-  immaterial  Bpirit  of  man  maybe  inveeligatcd  physiological)  v. 

raenul'dovci-  ^^  "*^y  ^^^  ^"^  °^^  °'  place  Jiere  to  dispose  of  an  argument 
gpment.  that  somc  havG  inBisted  on,  that,  since  the  development  c/f 

the  mind  proceeds  in  an  equal  8t<3p  with  the  development  of  the  body. 
each  expanding  or  declining  with  the  other,  the  tliBsotution  of  the  animal 
fabric  is  the  token  of  the  death  of  tlie  eoul.  Against  this  doctrine  the 
whole  human  family,  in  all  ages,  has  borne  its  testimony,  and,  if  univci- 
aal  imprcaeions  arise  from  physical  constitution  far  more  than  they  do 
from  tradition,  it  may  be  tmly  said  that  that  doctrine  is  incompatible 
with  the  organization  of  man.  Probably  there  ia  no  question  wlitch  has 
received  a  greater  amount  of  individual  and  generai  attention — none 
which  has  more  deeply  exercised  the  thought  of  the  profoundest  intellect ; 
and  what  is  the  actual  result?  Whgtcvcr  may  be  the  social  state,  bar- 
bfuous  or  polished,  whatever  the  manner  of  life,  whatever  the  climate, 
whatever  the  form  of  religion,  the  assertion  of  the  existence  of  the  spirit 
af^cr  death  is  so  universal,  that  it  may  be  termed  one  of  the  organic  dog- 
mas of  our  race.  Indeed,  we  may  aflimi  tiiat  the  mind  has  to  be  edu- 
cated, trained,  or  strained  before  it  becomes  capable  of  an  opposite  view» 
which,  even  then,  will  be  doubtingly  entertained. 

If  there  is  a  point  in  natural  philosophy  which  may  be  regarded  a* 
indflwudtnt  '^^'"''^y  Settled,  i1  ia  the  impcrishablHty  of  the  chemical  «le- 
exiitencu  or   mcnts  and  the  everlasting  duration  offeree,     With  the  sys- 

"^  '  tern  of  nature  existing  as  it  is,  we  can  not  admit  that  an  atom 
of  any  kind  can  ever  be  destroyed :  and  a  like  assertion  may  be  made 
of  force.  Heat  may  give  rise  to  motion,  motion  to  electricity,  electricity 
to  heat:  one  kind  of  force  may  be  converted  into  another,  there  being 
perfect  correlation  or  qualit}'  of  substitution  among  them.     The  q\ 
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tity  of  power  ia  now  the  same  as  it  ever  was.  Its  variationa  arc-,  analo- 
gous to  the  apparent  tranarautations  of  ponderable  materiaL  Tliey  are 
mere-  meffltnorplioses. 

Matter  and  force  aiP  equally  incapable  of  Jestmctioti.  Each  cOhBtitu- 
ent  alonni  of  the  aniinal  meclianism,  though  it  may  be  dismissed  for  the 
time  as  useless;,  is  not  loat,  but  sooner  or  later  is  economized  in  some 
OT^anic  form  again.  The  heat  which  ficems  to  arise  from  tlie  moat  in- 
significant muscular  contraction  has  been,  bo  to  apeak,  many  a  time  in 
fesistence  before,  ayid  after  it  has  escaped  from  the  system  is  not  lost  to 
the  world,  but  discharges  One  function  after  another  forever ;  and  if  ihua 
neither  niaCter  nor  force  can  die,  it  would  be  a  great  anomaly  if  the  prin- 
ciple of  conscious  identity  were  capable  of  annihilation.  Like  them^  it 
may  be  capable  of  modification  or  change,  and.  like  them,  it  is  not  capa- 
ble of  loss  of  existence.  The  creeds  of  various  nations  recognize  this 
great  tnitlj ;  they  differ  oidy  in  their  ideas  of  what  that  future  state  of 
modification  may  be. 

Perhaps  in  gomr  age  hereafter  physiology  will  find  herself  sufficiently 
advanced  to  offer  her  opinion  on  tliis  profound  topic,  for  I  can  not  think 
that  G*tD  has  left  us  without  a  witness  in  this  matter,  even  in  the  struc- 
ture and  dcFelopment  of  the  body  itself.  From  (he  moment  that  we  see 
the  first  traces  of  the  nervous  mechaniBra  IjTng  in  the  primitive  groove, 
we  recognize  the  subordination  of  every  other  part  to  that  mechanism. 
For  it,  and  because  of  it,  are  introduced  the  digestive,  the  circulatory, 
the  secretory,  the  respiratoiy  ftpparatua.  They  are  merely  its  niiniaters. 
And,  fastening  our  attention  on  the  course  which  it  pursues,  we  see  that 
it  is  at  once  a  course  of  concentration  and  development.  The  special  is 
nt  each  instant  coming  out  of  the  more  general,  and,  from  the  beginning 
to  the  end,  the  whole  aim  is  at  psychical  development.  The  germinal 
membrane  ia  cast  away  as  soon  as  a  stomach  can  be  prepared,  aquatic 
respiration  ceases  aa  soon  as  aerial  can  be  maintained.  The  scaffolding 
that  was  of  use  at  one  moment  ia  tlirown  aside  as  soon  aa  a  new  eleva- 
tion is  reached-  The  germ,  the  embryo,  the  infant,  are  only  aiicceaalve 
points  in  a  progress  which  at  every  instant  displays  this  casting  away 
of  the  means  that  have  been  used  aa  soon  as  they  are  done  with.  That 
is  the  style  in  which  the  work  i.^  carried  on.  The  principle  which  ob- 
scurely animated  the  germ  ia  the  same  whicli  in  a  higUer  way  animates 
the  embryo,  and  this  again  is  the  same  which,  in  a  more  exalted  condi- 
tion, animates  the  infant  and  the  man.  The  cloudy  speck  which  nshcrs 
in  the  phantasmagoria  of  lite  expands  as  the  great  Artist  directs  until 
every  lineament  has  become  visible. 

That  active  agent  ivhich  \va«  first  Iflid  in  a  fold  of  the  germhial  mem- 
brane was  not  annihilated  wlien  its  type  of  life  was  changed  to  placental 
and  therefore  aquatic  respiration.     It  withstood  the  shock  when  again, 
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uiieT  a  due  reason,  it  was  eaddenly  made  to  breathe  the  air.  Arrived  mX 
the  mature  coadition,  there  is  not  in  its  companion-bodj  a  single  putidr 
that  was  present  at  biTt]i.  All  has  changed.  ^Vnd,  what  is  still  mote 
important*  not  only  has  there  been  this  interstitial  removal,  but,  in  ene- 
ceMion,  the  very  nature  of  every  one  of  its  oi^ans  haa  changed.  It  « 
needle?^  now  to  repeat  how  many  diiferent  systems  of  nutrition  it  luu 
depended  on — how  many  sorts  of  stomachs  in  succession,  it  has  had — 
how  it  hag  breathed  by  a  membrane,  by  gills,  and  by  lungs — bow  il  ba£ 
carried  on  ite  circulation  without  a  heart,  with  a  heart  of  one  ca^-it^i'.  and 
finally  with  one  of  four.  Through  all  these  losses  and  changes  the  im- 
material principle  haa  passed  unscathed,  and  even  gathering  strengtiL 
In  the  broadest  manner  that  a  fact  can  be  set  fortli,  we  see  herein 
complete  subordination  of  structure  and  the  enduring  character  of  fipiiH.* 
Whatever  may  be  the  mechanism  that  is  wanted,  it  ia  in  readiness  for  ite 
time ;  and  when  it  had  finiabed  its  duty^  is  neglected  and  di5appe.ars. 
There  is,  therefore,  a  sound  reason  in  the  conclusion  to  which  mankind. 
perhaps  from  a  mere  inetinctive  impressionr  have  come,  that  the  soul  will 
exist  after  death,  for,  after  aurviving  so  many  niutalions^  the  removal  of 
&o  many  of  what  seemed  to  be  its  firm  and  essential  supports,  we  are  jus- 
titled  in  expecting  that  it  will  bear  without  ruin  the  entire  withdrawal  of 
the  whole  scaffolding. 

As  I  have  pointed  out,  we  have  precisely  the  same  reason  for  belier- 
ing  the  existence  of  the  immortal  spirit  that  we  have  for  knowing  that 
there  ia  an  extcmal  world.  The  two  facts  are  of  the  same  order.  Of 
the  futuri;  toiilijiuancc  of  that  external  world,  irrespective  of  ourselves, 
we  entertain  no  doubt ;  indeed,  in  certain  casc'^,  as  in  those  presented  by 
astronomy,  we  are  able  to  tell  its  state  a  tliousand  years  hence.  So  long 
as  our  attention  Wag  coulined  to  Statical  phyjiiologj",  every  thing  connect- 
ed with  tlie  subject  now  under  consideration  was  enveloped  in  durknesa, 
but  it  will  be  very  different  when  dynamical  physiology  Wgina  to  be 
cultivated  —  djTiamical  physiology,  wluch  speaks  of  the  course  of  life, 
of  org.ins,  individuals,  and  races.  The  law  of  development  will  guide 
us  to  an  interpretation  of  many  things  which  are  now  shrouded  in  ob- 
scurity, and  teach  us»  trom  u  consideration  of  what  we  have  learned  of 
our  past,  and  what  we  know  of  our  present,  what  we  may  expect  of  our 
future  state;  and  then,  it  will  ajipear  that  the  universal  optjiion  of  the 
ages  and  nations  is  not  a  vulgar  illusion,  but  a  solemn  philosophical  fact. 

i3o,  tlierefore,  the  decline  of  the  mental  faculties  with  advancing  years 
is  no  indication  of  the  hebetude  of  the  apirit,  or  premonitory  to  its  final 
dissolution.  It  in  only  the  gradual  wearing  out  of  the  iustrumcnt,  tho 
intervention  of  which  has  established  relations  with  tho  outer  wotld, 
Wlien  a  tool  becomes  blunted  and  old,  the  workman  can  no  longer  mui- 
ifest  his  former  ykiU ;  but  the  dkiU  may  nevei'thelesa  remain.      Tltoneh 
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the  apparatus  for  tlie  reception  of  external  impreasions,  as  well  as  that 
for  volujitarj"  action,  maj  bo  failing,  it  implies  nothing  as  regards  the 
prime  mover.  The  eye  may  be  dim,  the  ear  dull,  and  touch  imperfect, 
the  voice  may  be  feeble,  and  the  limba  tiembling,  but  all  this  iiidicatBB 
nothing  more  than  that  what  has  been  passed  through  bq  often  before 
is  about  to  be  passed  through  again.  The  organs  that  have  done  tlieir 
duty  are  to  be  cast  away,  but  the  result  O'f  their  action  is  to  remain^ 

It  may  not,  perhaps,  fall  within  the  proper  compaas  of  a  treatise  or 
physiology  to  speak  of  tliat  future  condition,  and  yet  so  tieeply  The  fiit«F». 
interesting  are  these  subjectft  to  all  men  that  a  single  observa-  "''^''■ 
tion  may  in  this  place  be  excused.  The  whole  course  of  life.  Scorn  itB 
very  beginning,  has  been  one  of  development  and  concentration.  We 
comprehend  this  the  more  perfectly  as  we  extend  our  views  beyond  our 
present  state,  and  examine  what  wo  liave  in  succession  been,  and  in  what 
manner  our  existing  condition  was  reached.  It  is  not  credible  tluit  that 
system  is  to  be  all  at  once  abandoned,  or  replaced  by  a  contradictory  one. 
Such  is  not  the  style  in  which  the  affairs  of  the  organic  wprld  are  at  any 
time  carried  on.  The  slowly  emerging  consequences  of  the  primitive 
law  came  forth  one  after  the  other  in  their  proper  and  unvarying  sequence, 
and  the  law  holds  on  inexorably  forever.  Ajid  since  we  may  aay  that, 
tKroughout  those  prior  states,  the  idea  aimed  at  is  the  isolation  of  a  coa- 
scioiis  ijitelligence,  every  organ  being  shaped  and  every  function  bent  to 
that  end,  we  are  reasonably  led  to  the  expectation  that  in  a  future  state 
that  archety]*  will  be  completely  reached.  It  would  "be  strange  indeed 
if  a  blank  oblivion  should  crown  such  n  work. 
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Ibt.  Of  SUIC- 


Ome  third  of  the  life  of  man  is  spent  in  sleep,  a  condition  of  modified 
sensibility,  in  which  the  mind  performs  its  functions  in  an  im- 
perfect way,  and  voluntary  motion  is  nearly  suspended.     This 
state,  occupying  so  large  a  portion  of  the  short  {»eriod  of  time  allotted  to 
U9,  is  therefore  well  deserving  of  the  consideration  of  the  pbystolo^'et. 
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U)<1  the  more  so  Bince  it  presents,  in  the  varioos  phenomeoA  of  drBsiiH. 
Bignificatit  illustrations  of  the  manner  of  action  of  the  nen-ooj  system- 
All  animals  sleep.  Maiij,  perliapa  moat,  <3reain.  The  necessity  for  n 
iteaBon  of  repose  arises  from  the  preponderance  of  tiie  w«ste  of  the  sys- 
tem over  its  repair  during  our  waking  hoar».  By  bringing  the  aniinBl 
fonctioDB  into  a  condition  of  rest,  an  opportunity  i&  afforded  for  renova- 
tion, and  the  equilibrium  can  be  maintained. 

In  early  infancy,  when  it  ia  necessary  for  tlie  nutritive  operaiiona  to  be 
_^  J.  ,  carried  forward  with  the  utmost  vigor,  and  attended  uritli  &£ 
ntKmiiy  tui  little  waste  as  possible,  the  whole  time  is  spent  in  steepixip' 
*'**P'  and  eating,      The  waking  period  is  gradually  increased  as  tbe 

child  tidvance-t,  |iut.  not  so  as  to  make  it  continuous,  for  the  day  ia  fookes 
into  intervals  o^sleep.  Even  at  three  or  four  years  of  age  wc  deep  iu«e 
iiuntinn  ui<i  '^^^  '"^'^  "  ^V'  ^^  mature  life  eight  hours  are  on  an  arer- 
•lepLh  of  ileep.  ggp  fcquired.  but  the  precise  tirriG  varies  with  different  indi- 
viduals, and  even  with  the  »amc  individual  in  dift'crcnt  constitutional 
stated.  The  time  is  not,  however,  always  a  true  measure  of  the  anKKint 
of  rest,  for  sleep  varies  very  much  in  the  degree  of  its  completeness  or 
intensity  ;  there  is  a  s1uml>cr  bo  diaturbed  that  we  are  unrel'reshed  by  it, 
and  a.  sleep  so  profound  that  we  awake  weary.  Old  age,  as  it  advaooeBt 
admomshcs  us  to  spare  the  system  as  much  as  we  may*  for  repair  is  con- 
ducted with  difQculty;  and  this  period,  cliai-acterizcd  by  its  resembfanwe 
ill  80  many  respects  to  childhood,  like  it,  ia  often  marked  by  freqneolly- 
recurring  and  prolonged  6luml>cr.  Moreover,  various  accidental  and 
utlier  circum stances  are  liable  at  all  times  to  disturb  its  proper  periodic- 
ity— a  warm  afternoon,  a  hearty  dinner,  an  ill-ventilated  apartment,  mo- 
ijotonous  flounde,  the  attention  devoted  to  one  object,  bodily  quiescence, 
ueasiiig  to  think,  the  u^e  of  narcotics,  extreme  cold,  a  horizontal  poai- 
tion,&c. 

Sleep  is  commonly  preceded  by  a  sense  of  drowsiness  of  more  or  less 
Approach  uf  intensity,  which  is  gradually  followed  by  a  loss  of  sensibility. 
"'■^ep.  Objects  cease  to  make  an  impression  on  ike  eyes,  the  lids  be- 

«!onic  bea-v-y  and  close.  If  we  are  not  in  the  horizontal  position,  but  re^ 
quire  muscular  support,  as  in  sitting,  the  head  droops,  and  the  liandj  seek 
a  support.  Successively  the  senses  of  smelling,  hearing,  and  touch  paae 
iiway,  as  the  sight  has  done;  but, before  this  progress  is  completed,  wo 
start  at  any  sound  or  disturbance,  voluntary  muscular  action  being  in- 
ainntly  asiaumed,  though  in  the  midst  of  a  surprise.  We  are  nodding.  If 
we  are  in  the  horizontal  position,  as  in  bed,  the  body  is  thrown  into  a 
form  requiring  the  least  muscular  exertion — the  limbs  are  semiflexed. 
As  flight,  smell,  hearing,  touch,  again  in  succession  fail,  all  voluntary  mo- 
tions cease,  tliose  which  are  now  esetuied  being  of  a  purely  automatic 
kind.     The  eycB  are  turned  upward  and  inward,  the  iris  ia  contracted, 
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the  heart  and  the  lunga  act  more  slowly  but  more  powerfully  ;  a  gentle 
delirium,  which  exists  while  the  centres  of  tlie  special  senses  ate  corning 
into  repoaCf  introduces  us  to  ilrofoand  and  uiiconacioua  sleep. 

This  condition  oi"  profound  sleep,  though  it  may  be  quickly,  is  yet 
gradually  r^elied  by  passing  througli  certain  well-marked  progrew  ©r 
stages.  Once  gained,  we  sleep  witli  heaviness  in  the  early  "'Kht-ileep, 
part  of  the  night,  and  more  and  more  lightly  as  morning  approaches. 
It  would,  however,  be  erroneous  to  suppose  that  this  falling  into  inaensi- 
hihty  and  awakeniiig  are  perleclly  continuous  events  ;  there  are,  undoulit- 
odly,  subordinate  periods  of  more  and  less  eomplete  repose,  but  under 
uo  circumstances  are  we  ever  aware  that  we  are  aslocp. 

At  any  time  of  the  night  sleep  may  be  abruptly  broken,  the  mind  re- 
suming its  power  at'ter  passing  tliroiigh  a  momentary  intcrvial  MBimpr  of 
of  confusion.  Toward  the  close  of  tlie  customary  time,  the  ""'^**«n'J'g. 
■senaeg  resume  tlieir  power  in  an  order  inverse  to  that  in  which  they  loat 
it — the  touch,  the  hearing,  the  smell,  the  sight.  Kor  a  ahort  jieriod  after 
awakening,  the  organs  seem  to  be  in  a  state  of  unusunl  aeutenesa,  more 
particularly  that  of  sight — an  eftiect  arising  from  the  obliteration  of  the 
vestiges  of  old  impressions.  From  profound  sleep  we  pass  to  the  wak- 
ing state  through  ai>  intermediate  condiiion  of  slumber.  In  the  former, 
Ihe  movements  which  we  may  execute,  under  the  influence  of  external 
impressions,  are  wlioLtv  of  an  automatic  kind,  such  as  turning  in  bed  in 
various  positions.  The  length  of  time  spent  in  alcep  and  slumber  re- 
spectively is  by  no  mean:?  constant,  many  causes  increasing  the  one  at 
iKe  expense  of  the  other.  On  awakening,  we  are  apt  to  indulge  in  cer- 
tain muMuIar  movements — we  rub  our  eyes,  stretcli,  and  yawn.  If  we 
are  suddenly  arouseJ,  our  motion^  are  feeWe  and  uncertain  on  attempt- 
ing to  walk  at  once :  but  if  we  spontaneously  awake  at  an  unusual  period, 
and  more  particularly  if  it  be  toward  the  morning,  wc  commonly  remark 
a  cleamesa  of  intellect  or  mental  power.  Many  of  our  most  judicious 
and  oorruct  eoncluaiona  occur  to  ua  under  these  circumstances. 

Though  it  is  said  that  the  steep  of  man  lasts  about  eight  hours,  there 

are  manj- variations.    Anthentic  casea  are  on  record  in  which  >.,    .  . 

•'  fllaMniium  and 

individuals  have,  for  a  considerable  time  and  appnrenl  ly  with-  minimiiio 
out  injury,  slept  only  for  one  hour,  and  others  in  which  that  '"*'''  "  ^^^^' 
state  lias  been  proloiigi[-:d  for  an  entire  week,  llan  shows  much  greater 
ditferences  tlian  other  animals;  birds,  for  instance,  sleep  lightly,  and  cold- 
blooded animals  generally  profoundly.  Since  the  object  of  sleep  is  to 
atlbrd  an  opportunity  for  repairing  the  waste  of  the  system,  the  length 
of  the  needful  time  depends  on  conditions  that  are  themselves  variable: 
the  extent  of  the  antecedent  waste,  and  the  rapiiility  of  the  repair.  In 
winter  we  sleep  longer  and  usually  deeper  tlian  in  summer,  for  the  houi^ 
ly  wftate  in  winter  is  greater.     Habit,  however,  controls  ua  vety  much. 
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It  baa  b«B  wppoacd  hy  aome  Utai  tt  is  to  lubit  tfaat  obt  tendea^  to 
Cf¥<ftitfK-  aiet^atnif^iutobebttpated.  It  ia.  howeyeTt  wire  propolr 
^"^  to  be  attribated  to  the  ardinarr  circmnaaBeM  of  on-  lifi^— U^ 

4a.f  UriDg  ppctit  in  mtuciUv  ox  meotai  exeicue,  AOCti  we  am  tlien  see 
to  perionn  oar  duties,  and  tliis  tax  upon  the  gyatcni  being  neoeaaBnlj' 
Ci»Uowed  by  a  feeling  of  wariness.  Tboae  animals  which  seek  tiiar  Ibod 
in  the  dark  alaep  b^  day.  It  Ls  not,  therdbre,  to  any  external  physical 
condition  that  we  sEionld  impnte  oar  noctnrnal  sleep,  but  to  the  interior 
€onditi<jn  of  onr  system*  lUoagfa  it  is  qoite  trae  that  jAysical  agents. 
■nclj  a»  cold,  and  otbeis  that  have  been  mentioDcd,  will  provoke  a  sensa- 
tion of  drowaioesai 

In  sleep  we  require  Additional  wannlb,  and  thin  we  obtain!^  inatind- 
liimamri  ivdy  usiug  more  dijitiuiig  tW  Ibe  poxpose  of  economtxii^  tfap 

wvnniii  M-  animal  iicat.  The  amount  of  caloric  gecemted  in  the  system 
.q  latuep.  -^  dim iiiia lied  through  the  cessaiion  of  moscular  exercue, 
and  tliercforc  reduction  of  decay.  The  same  may  be  said,  to  a  oertahi 
extent,  of  the  waste  of  the  brain  tliroiigh  its  intcUectnal  acts,  and  of  tb<- 
nervQua  ay^tcm  geuetaUy.  This  diminished  amount  of  ioterslitial  deatfa 
corresponds  with  a  diminialied  respiration,  the  hourly  amount  of  oxygm 
consumed  exhibiting  a  decline.  The  n^ro,  wiio  is  much  more  eensitii^ 
tlian  the  white  man  to  this  decline  of  temperature,  instinctively  envelop 
his  head  witli  eEothing,  bo  that  the  air  may  lie  warmed  by  its  coDtac; 
thcrcwitli  before  it  enters  the  respiratory  organs.  For  the  same  reason, 
be  sleeps  with  his  head  toward  the  fire,  while  the  white  man  sleeps  vrith 
his  away.  On  similar  principle)!  we  may  account  foi  the  control  wiiirh 
food  has  over  slcejn  the  one  seeming,  to  a  certain  degree,  to  replace  the 
other.  The  French  proverb  says,  ♦'He  who  sleeps,  dines,''^  and  this  is 
ITnlfoimtty  or  true;  lor  during  sleep  the  waste  of  the  system  is  replaced  to 
«d  wiLhutli-'  "^  "'"ii™u™t  and  tlie  neceaaity  tbr  food  correspondingly  di- 
formiiyoffood,  niiniflhed.  The  quality  of  the  food  likewise  exerts  an  infln- 
oncc  on  the  length  of  sleep,  tor  that  which  is  of  u  nutritious  kind,  anil 
easily  adsimilated,  can  more  apeedUy  execute  whatever  repairs  the  sys- 
tem may  demund.  It  is  pfohaltly  owing  to  his  variable  diet  that,  e««n 
in  a  alale  of  perfect  health,  man  is  so  variable  a  sleeper,  and  that  ani- 
inalH.  tite  nature  of  whose  food  is  ao  constant,  sleep  with  so  much  uni- 
formity. 

Ity  some  it  has  been  Bnpposed  that  the  amount  of  sleep  required  by 
difii-rcjit  animals  is  dependent  upon  the  size  of  their  brain:  but  if  wc 
keep  in  view  tliat  the  object  of  sleep  is  the  repair  of  waat^,  and  that  this 
in  aiToniplijihed  by  the  agency  of  the  <liifcrent  niechanisnts  invoK-^  in 
orgtiiiic  Hie,  we  can  easily  sec  tliat  such  a  Rlatcment  can  not  bo  true.  Its 
fallacy  appears  Jxom  common  observation,  apart  trom  any  ptiysioloigical 
considerations.     The  brain  of  a  turtle  or  of  a  serpent  is  relatively  Bmall, 
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and  yet  those  animals  sleep  long  and  profoundly ;  but  if  we  reflect  on 
how  many  different  conditions,  extenial  and  inlernal,  the  repair  of  wastf 
depends,  we  shall  see  tiiat  the  time  of  sleep  can  not  have  any  such  arbi- 
trary' meiisure  as  that  of  tiie  si;ie  of  the  train.  Among  external  causet^ 
which  influence  the  rate  of  repair  may  be  mentioned  the  digestihiltty  of 
the  food^  some  varietiea  of  which,  by  reason  of  their  chemical  oi  physi- 
cal qualities,  yield  more  Blowly  than  others.  The  inleriial  causes  are  very 
numerous :  the  size  of  the  digestive  organs  in  relation  to  the  Pondmouj  „(■ 
body,  and  the  energy  with  which  their  function  is  accom-  theduradoaof 
pliahcd ;  the  contlition  of  development  of  the  absorbent  ays-  '  ^^'^' 
tem,  and  the  rapidity  of  its  action  ;  the  rate  of  the  circulation  of  the 
bloody  which  hurries  the  nutritive  ampply  in  its  coarse ;  the  amount  of 
oxygen  introduced  into  the  aystem  by  the  respimtory  apparatus,  whicli 
discliarges,  as  we  have  elsewhere  explained,  the  double  function  of  re- 
moving the  wasted  products  of  decay,  and  of  grouping  into  appropriate 
forms,  so  as  to  be  available  for  their  uses,  the  elementa  of  putiition  that 
are  being  introduced.  All  tliese,  and  othc^r  conditions  that  might  b>ei 
named,  determine  the  rate  at  whitJi  repair  can  ho  executed^  and  therefore 
the  necesaary  duration  of  Mlccp.  H,  oat  of  tliet-e  various  elenienti?,  we 
were  to  select  one  which  would  represent  it,  the  activity  of  the  respira- 
tory organs  would  aftbrd  a  more  accurate  meaatire  than  the  size  of  the 
brHJn. 

Ab  the  necessary  repairs  are  accoinpUsUed,  we  pass  tlirough  a  condi- 
tion of  slumber,  and  our  organs  gradually  awake  in.  tEie  manner  that  has 
been  describ&d.  It  is  during  tins  iiiter mediate  passage,  that  is,  toward 
the  morning  chiefly,  as  tlie  brain  is  resuming  its  functions,  ofdrearas; 
tliat  dreams  occur.  Tliey  may,  however,  happen  at  any  other  ^l^'^  orinia. 
period  of  the  night,  though  then  they  are  liable  to  present  greater  in- 
congruities and  more  obvious  violations  of  the  proper  order  of  events. 
It  is  quite  correct  that  morning  dreams,  are  more  likely  to  be  prophetic, 
for  tliey  are  more  likely  to  be  in  themselves  true. 

Dreams  never  strike  us  with  sxirpriae,  no  matter  what  may  be  the  ex- 
traordinarj-  scenery  they  preaent — no  matter  how  great  the  violations  of 
truth  and  reality.  The  dead  may  appear  with  the  most  astonishing  clear- 
iiesa  ;  tlieir  voices,  perhaps  long  forgotten,  may  be  heard  5  we  may  be 
transported  to  places  where  we  have  spent  past  years  of  our  lives ;  com- 
binations oi'  the  most  grotesque  aud  impossible  kimla  may  be  spread  he- 
fore  us :  we  accept  all  113  realjty,  perhaps  not  even  suspecting  tbat  we 
dreara..  The  germs  from  which  have  originated  all  these  strange  com- 
binations are  impressions  stored  up  in  the  registering  ganglia  of  I  he  brain, 
more  particularly  in  its  optic  thalami.  Tiiese,  aa  outward  impressions 
have  for  the  time  ceased,  arc  enabled  to  attract  tlic  attention  of  the  mind, 
and  emerge  from  their  Intent  state.     That  all  dreams  origmate  in  such 
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impresBioiia  is  illuetmted  by  the  hiatory  of  the  blind,  who  stil!  dream 
of  things  that  they  fonnerly  saw.  Thus  it  ia  stated  lliat  Huber,  after 
be  had  been  blind  for  tifty  ycars^  still  dreamed  of  things  he  had  seen 
when  a  boy.  But  little  explanation  can  be  given  of  the  manner  in  which 
these  vestiges  may  be  grouped — a  grouping  which  is  so  IVequently  in  vi- 
olation of  all  correctness  that  a  dream  wliich  presents  us  with  a  logical 
sequence  of  events,  and  which  we  recognize  on  awakening  to  be  natu- 
rally true,  iii  sure  to  be  an  impressive  one;  and  yet  we  c&n  not  doubt 
tliat  the  causes  wliicii  suggest  dreams  are  often  purely  pliysicnl,  as  when, 
in  dropsy  of  the  chesty  the  dreamer  fancies  be  ia  drowning,  or  even  suf- 
fers under  the  same  delusion  when  his  hand  is  dipped  in  water ;  or  wben 
a  candle  is  carried  into  tlie  room,  and  he  awakens  siricken  with  terror 
that  the  house  is  on  dm ;  or,  on  the  occurrence  of  noiae,  he  believes  that 
lie  is  in  a  thunder-stomt,  or,  pexhaps,  on  a  field  of  battle-  Hence  ariaea 
an  automatism  wliicli  becomes  most  striking  when  the  dreamer  onswcra 
questions  put  in  a  whisper  to  him,  an  incident  of  which  cases  are  record- 
ed in  which  individuals  Itave  revealed  important  events  of  tlieir  lives, 
which,  when  waking,  ihey  would  never  have  divulged. 

Aulomatic  actions  are  usually  considered  as  occurring  wilhont  sensa- 
tion, but  this,  in  some  instances,  as  in  those  now  before  us,  can  not  be 
regarded  as  altogether  true. 

Suggested  llius  by  cstemal  circumstances ^  or  arising  spontancoasly 
Dewptlva  an-  without  any  obvioua  cause,  dreams  pass  before  us  ivitli  an 
peiruDueflr  air  of  truthfuttiess  so  imposing  that  we  never  suspect  their 
fallacies.  It  may  be  truly  said  that  ihey  hare  a  logic  oi 
their  own.  Indeed,  so  cotnplete  is  the  illusion,  that  instances  are  not 
wanting,  and  many  have  been  recorded,  in  which,  at  the  moment  of 
awakening,  the  sleeper  has  been  struck  with  the  correctncst"  of  the  con- 
clusions to  which  he  liad  arrived,  and  it  was  not  until  he  had  recovered 
from  the  delirious  confusion  of  the  moment,  and  reason  had  resumed  her 
BVfRy,  that  he  perceived  how  incorrect  they  were*  Thua  great  inathe- 
nmticians  have  thought  they  Iiad  solved  difficult  problems,  poets  that 
ihey  had  composed  stanzas  of  force  and  beauty ;  but  these,  on  a  mo- 
ment's reflection,  they  have  discovered  to  be  an  inconsequent  flow  of 
Ideas,  and  n;ere  nonsense,  A  few  exceptions  undoubtedly  have  occur- 
red, as  in  the  case  of  Mr.  Coleridge,  who  affirms  ihat,  under  these  cir- 
cumstances, he  composed  Kublai  Khan,  and  remembered  it  in  part  on 
awaking.  Tlie  I'rcneh  mathematician,  Condorcet,  makes  the  same  state- 
ment with  respect  to  flevcral  of  his  writings. 

One  of  tlie  most  extraordinary  phenomena  presented  in  the  dnjaming 
insianiHticoua    State  IS  the  instantaneous  manner  in  which  a  long  sertea  ot 
events  may  be  offered  to  the  mind,  the  exciting  cause  being 
truly  of  only  a  momentary  duration.     Some  sadden  noifie 
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arouses  us,  and,  in  the  set  of  waking,  a  long  draraa  conncctd  with,  that 
noiae  ajipeara  before  us ;  or,  in  like  manner,  we  itre  disturbed  perlmps  by 
a  flasit  of  lightning,  and,  with  tliat  flusli  occuxs  a  dream  wliicU  seems  to 
us  to  occupy  a  epace  of  hours  or  even  daya,  ho  many  arc  the  Lneidenls 
with  which  it  is  filled.  It  has  long  been  known  that  a  like  peculiarity 
haa  offered  itself  to  those  who  have  suffered  by  drownings  and  have  been 
subsequtntly  restored.  They  have  related  that  in  their  moment  of  su- 
preme agony,  tlic  whole  series  of  events  of  their  past  lite  has,  s.s  it  were, 
tiowed  in  an  instant  upon  tliem  with  the  moat  appalling  vividness,  their 
good  and  evil  works,  and  even  the  moat  trifling  incidents  presenting 
thcmselvea  with  diatinctncBS^ — a  tide  of  memory.  And  doubtless  it  is 
owing  to  like  causes  that,  under  tlie  influence  of  opium  or  otiier  narcotic 
drugs,  the  relations  of  space  and  time  are  bo  lolally  destroyed  that  we 
seem  to  live  tlirough  a  century  in  a  single  night,  or  to  take  in  our  view 
scenery,  the  distances  and  toHgnitudea  of  which  are  utterly  beyond  tlie 
reach  of  mortal  vision.  It  lias  been  truly  ea'td  that  the  province  of 
dreams  ia  one  of  intcnso  exaggeration.  It  is  bo  in  a  double  sense,  for 
with  equal  facility  we  spread  out  a  single  and  perhaps  in-  ^^^  ,„reii(iin' 
significant  circumstance,  bo  that  it  occupies  the  entire  night,  «fi>nH>itio«,a7cr 
or  we  crowd  a  thousand  strange,  though  perhaps  connected,  "  ""'^  '^™'^' 
rfepreaentations  into  the  twinkling  of  an  eye.  Nor  ia  it  by  any  means 
the  least  extrtiordiuary  pari  of  these  wonderful  facts  that  the  micid  occu- 
pies ilaelf  in  an  undiverted  and  unbroken  manner  for  bo  long  a  time, 
with  an  insigni&cant  idea  in  the  one  case,  and  perceives,  with  miraculoius 
perspicuity,  the  rapidly  disappearing  occurrences  in  the  other ;  that  of  a 
majority  of  dreams  it  retains  ]io  precise  recollection,  though  they  may 
have  been  presented  with  an  intense  energj',  as  wc  are  assured  from  the 
impression  of  dread  or  melancholy,  or  even  the  physical  results  tliey 
have  left,  aa  when  we  awake  and  feel  the  heart  throbbing  Fortwifulnew 
violently  and  the  whole  frame  trembling  with  terror,  yet  can  *'('"»«"". 
not,  with  the  utmost  exertion  of  tucmory,  recollect  what  it  was  that  we 
saw.  The  remeinbriuice  of  dreams  by  no  means,  therefore,  depends  on 
the  intensity  of  the  impression  that  tliey  mudu  for  the  time ;  doubtless 
the  majority  of  them  are  foi^otten  and  can  never  be  recalled.  In  some 
instances,  wliich  almost  every  one  can  recall,  we  dream  a  second  time  the 
same  dreant  which  wc  failed  to  rcmeraber  when  awake,  and,  it  is  swid, 
even  occasionally  dream  that  we  arc  dreaming. 

Our  mental  capability  for  recalling  the  scenes  that  have  occupied  us 
hi  our  sleep  is  therefore  dependent  upon  something  more  than  tiio  depth 
of  the  impression  they  have  made.  Whether  it  be,  as  some  suppose, 
through  an  inertness  of  the  mind,  an  incapability  or  indisposition  of  pay- 
ing attention  to  the  thinga  thus  presented  to  it,  or  wliuttier  it  be  thai. 
through  accidental  causes,  the  vestiges  of  impressions  remaining  in  the 
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optic  ihalgnii  are  bro^hf  out  ■nmrtiiri  wiA  aiBend  ■■wiiim  n  with 
less  force,  there  is  rrgy  grMfe  of  iateaMty  pwialul,  few  tfaoae  fio*ti^ 
hn^if**™-*  aerial  soeDeB,  vbidi  ■eon  scacdj  to  Ibbtc  cfae  afi^teBt  tr^ce 
bdrind  thcBk  to  tboae  wldck,  in  Bphe  of  tbeir  aatnging  all  iM^tr,  and 
eTCB  all  |«ofaal]ilitj«  lesre  as  in  a  borror-stric^en  etaie :  bo^  as,  for  ex- 
■■lile,  the  celebnted  dream  of  ilie  Empenw  Caligula,  in  whkb  be  tbooghl 
dwx  tiie  aea  spoke  to  him.  Yet  tbere  can  be  no  dtrobt  that  in  aU  rt^^^ 
caan,  tio  matter  bow  indistinct  or  uKfg^tk,  how  i^lse  or  bow  true,  bw 
^MiBimi  hannonioDs  as  a  whole,  or  how  oontnidictoiy  and  grotesque, 
4a-  ttWA  the  elemeots  of  which  all  drcamB  are  composed  are  impic»- 
*''*^  ""^  BioDs  of  things  that  we  have  seen  or  heard,  or  wlii<Ji  hare 
been  otherwise  submitted  to  the  senaes^  the.  tiaees  of  whi<i^  still  nmaiii 
impinted  in  the  R^tering  ganglia  of  the  brwn.  Doniig;  the  daj,.  while 
we  aw  cxpOBed  to  U^it,  and  sounds,  and  other  eo-tircee  of  distnrbuice,  the 
impreamons  ari^iog  therefrom  totally  oveipower,  by  leason  of  their  new* 
nas  and  intensity,  these  ancient  residui^s,  so  that  the  attention  of  the 
nnnd,  in  a  state  of  health,  is  never  directed  to  them ;  bnt  when  we  cloM 
oar  eyeA  in  the  aileooe  of  night,  all  »ach  external  impressions  nxe  at  an 
end,  the  organn  of  sense,  night,  hearing,  smell,  and  tonch.  are  successir^' 
ly  benumbed,  and  there  is  nothing  to  prevent  tbe  mind  thqs  sepoimted 
from  outer  things  from  occupying  itself  with  these  old  tmpreaaions,  any 
one  or  more  of  which,  throngli  accidental  clrcumstjinces,  presents  itself 
in  vigor,  and  a  dream  is  the  result. 

The  phenomena  of  dreamB  therefore  illustrate,  in  a  significant  manaa, 
the  remarks  tliat  we  liavc  made  respecting  the  functions  of  the  cephalic 
ganglia  of  insects  as  magazines  for  the  registry  of  impressions  received 
by  the  organs  of  aensc.  No  explanation  of  dreaming  can  be  poasibly 
given  without  sdmitting  for  a  part  of  the  bitman  brain  a  like  ^M%y.  The 
important  advantages  which  accrue  to  our  phyBiological  explamations  of 
the  action  of  tlic  liiunan  mind  from  the  admission  of  this  doctrine  hare 
alr&idy  been  tlwelt  upon. 

Connected  with  dreams,  and  being,  indwd,  a  dream  carried  into  a^^tion, 
Sjrtnnamhu.  is  Bomnambutism,  or  sleep- walking,  of  which  tliere  arc  ^renU 
liam.  grades,  from  mere  ^leep-conversation  and  aleep-crying  lo  the 

(ictnal  performtttice  of  difficult  and  even  hazardous  feats.  The  young  in- 
I'ant  evinces  its  discomforts  by  crying  in  il6  elumber,  yet  it  can  be  com- 
forted without  awaking  by  the  well-known  voice  of  its  mother.  Chil- 
dren often  show  a  propensity  to  talking  in  their  sleep,  and  can  somctimee 
be  brought  to  give  a  tew  rfltional  replies  to  inquiries  put  to  ihcm.  At 
their  time  of  life,  the  disposition  is  more  frequently  manifested  to  get  out 
of  Iwd  and  move  about  the  liouse,  or  even  out  into  the  open  air  undrr  the 
influence  of  a  dream.  When  sleep-walking  occurs  in  the  adult,  it  is  liar 
ble  to  be  accompanied  by  actions  of  an  apparently  connected  kind,  though 
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their  object  may  be  quite  trivia],  and  m  itft  attainment  considerable  risks 
may  be  run.  In  the,eG  caaee  it  sceina  as  if  the  mind  was  absDlutely  wrap- 
ped cp  in  one  idea,  and  wholly  unable  to  comprehend  any  thing  else.  If 
the  cyea  of  the  aoninambiilist  are  wide  open,  he  sees  nothing',  and  even 
tfiough  a  brig^iit  liglit  be  presented  Iwfore  liim,  the  iris  will  not  contract, 
vet  he  raovca  about  in  a  manner  as  if  3ic  were,  in  one  respect,  guided  by 
understanding,  the  .tir  of  his  movements  being  as  if  be  knew  what  he 
was  about,  yet  in  another  respect  fts  though  he  was  impelled  by  the 
most  unaccountable  foUy,  walking  along  the  roof  of  the  houfle,  seating 
himself  on  the  chimney,  and  finding  his  way  in  safety  over  precipitous 
places,  past  which  it  would  be  iniposBiblc  he  ahouid  go  if  awake,  no  mat- 
ter how  Bleady  his  head  migiit  be.  Besides  this  wmptete  condition  of 
samnambuliam  there  are  intermediate  fonns,  during  wliich  the  various 
senses  of  seeing,  hearing,  etc.,  are  in  partial  activity.  There  are  alao 
difTerences  in  the  intensity  or  depth  of  the  state,  as  is  shown  by  the  ease 
or  difficulty  with  which  the  individual  is  aroused ;  sometimes  to  speak 
to  him  is  enough,  sonietiinea  he  must  be  violently  shaken  or  otlierwiae 
roughly  treated.  It  has  been  obsenxd  in  some  cases  that  where  the  pa- 
tient spontaneously  wakens  under  circumstances  that  affiight  him,  he  is 
at  once  broken  of  the  habit. 

With  dreams  and  Bomnambutism  is  also  to  be  classed  that  senaation 
which  often  siirpriaeB  and  disturbs  us  when  we  are  just  passing  s^nsmion 
into  sleep,  a  aensation  as  though  we  were  saddenly  falHng  down  «f  fa'l'iB' 
stairs.  This,  with  some  persona,  is  of  almost  nightly  occurrence.  Its 
opposite,  an  inability  to  move,  as  though  we  were  oppressed  by  some 
great  weight,  or  spell-bound  in  Home  incomprehensible  way,  Ja  nightmare. 
In  this  distressing  affection  there  is  a  sense  of  oppression  at  xighimBra: 
the  epigastrium,  and  a  difficulty,  or  rather  impossibility,  of  "■"  "^t"*"' 
moving  or  speaking.  A  frightful  dream,  in  which  somt;  alarming  object 
is  depicted  with  intolerable  distinctness,  accompanies  these  symptoms, 
the  attack  termimtting  by  a  struggle  to  shake  oif  the  object  of  dread,  or 
to  escape  by  flight,  or  to  epeak.  On  awaking,  the  sufferer  finds  himself 
trembling  with  terror,  the  respiration  hurried,  and  tlie  heart  tlirobbing 
violently.  The  intellectual  faculties  are  on  different  occasions  in  vari- 
ous states  of  activity,  and  sometimes  the  dream,  and  onr  actions  eonse- 
qucnt  upon  it,  offer  no  violation  of  reason.  Indeed,  some  individuals  are 
fJFectcd  by  this  trouble  during  the  daytime,  wlien  they  are  wide  awake 
and  perfectly  aware  of  what  is  going  on  ;  but,  whether  it  occurs  by  night 
ot  by  day,  the  sentiment  with  which  it  oppresses  hi  that  of  unspeakable 
dread.  Even  at  night  we  sometimes  are  conscious  of  its  approach,  when 
we  are  in  the  intermediate  slate  between  steeping  and  waking. 

The  cause  of  nightmare,  in  all  its  variety  of  forms,  is  disturbance  of 
the  respiratory  fnnction,  whicli,  by  interfering  with  the  arterialization  of 


560 


OF    DEATH. 


the  blood,  afiiects  the  brain.  Thi?  disturbance  may  be  bronght  on  in 
many  ways,  as  by  tlie  pressure  of  the  stomach  after  a  hearty  supper,  or 
in  dwcased  conditions,  such  as  hydrothoras ;  but  it  is  popularly  anjiposod. 
where  these  morbid  conditions  are  not  obviously  conccnied,  to  be  attrib- 
uted to  sleeping  on  the  back.  Though  this  is  undoubtedly  true  in  ■ 
great  many  instances^  it  ia  very  far  from  Ix-ing  an  eaaetitial  condition,  for 
nightmare  may  occur  in  any  position  that  the  sleeper  may  poai=iblv  an- 
Bume.  The  restraint  npon  the  arterializatlon  of  the  blood,  which  appears 
to  be  its  essential  condition,  interferes  with  the  circulation  through  the 
lungs  on  the  principles  that  lia\e  been  described  in  a  preceding  ehapter. 
nor  can  the  heart  force  a  passage,  however  violently  it  may  tlirob.  Tb'' 
effect  depends  not  so  niucli  upon  the  apparent  rate  and  power  with  whidi 
the  respiration  is  going  on,  for  any  embarrassment  or  difficulty  in  the  in- 
troduction of  air  merely  leads  to  snoring,  whiuh  is  in  jio  manner  connected 
with  nightmare.  Tlie  cause  of  this  latter  affection  is  to  be  sought  for  in 
the  air-cells,  which  arc  unable  to  rid  themaelves,  with  their  accuatomed 
facility,  of  the  carbonic  acid  and  other  effete  products  of  respiration  which 
they  contain. 


2u.    OF    I>K*TK. 

At  all  periods  of  lite,  the  functional  activity  of  the  syatera  occasions  n 
Cfinrtiiun  of  ''^'^^^'^  of  its  tlBSues  by  the  interstitial  death  of  their  parts,  and 
hcsiiby  etiui-  therefore  involves  a  necessity  of  repair-     So  long  as  the  retia- 

"""''  ration  balances  the  waste,  a,  healthy  eqitilibriiun  is  maintained : 
but  when  the  nutritive  powers  decliue,  as  old  age  approaches,  a  gradual 
deterioration  of  the  system  ensues. 

The  period  of  greatest  activity  is  also  that  of  greatest  waste,  and  lof 
the  most  active  and  perfect  repair,  interstitial  death  and  the  removal  of 
decayed  material  then  occurring  in  the  most  rapid  manner.  The  eiierev 
of  life  ia  thus  dependent  on  the  amount  and  completeness  of  death. 

At  ft  later  period,  with  advancing  years,  although  the  loss  of  substance 
through  functional  activity  may  be  lessened,  the  renewal  and  re<4toratiai] 
of  the  portions  which  arc  necessarily  consumed  are  far  more  than  corre- 
spondingly diminished.  Vi^a  thus  become  incapacitated  corporeally  and 
mentally,  and,  if  no  accident  intervenes,  we  die  through  mere  old  age. 

On  several  occasiona  we  have  already  noticed  the  analogy  between  the 
Death  Hi  a.  life  of  individuals  and  that  of  species.  An  analogy  also  xuav 
in"!"^;"'*'!*^""  be  traced  in  tlic  circumstancea  and  causes  of  their  deatli.  for 
ginUm.^ifii  the  discoveries  of  geology  abnndimtly  show  that  thousandf^ 
ftptdes.  Qf  species  in  the  organic  Series  have  become  extinct.     The 

death  of  a  constituent  molecule  in  an  animal  body,  the  death  of  the  in- 
dividual aiunial  itseli',  the  death  of  the  species  to  which  it  belongs,  a« 
all  phllosophicnl  facts  of  the  aame  kind,  though  presenting^  perhaps,  in 
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I  heir  aspect  a  difference  of  interest  and  importance.     The  death  of  indi- 
viduaK  aa  has  been  said,  may  occur  in  two  ways,  by  ftoci-  EiMthfrtHaM- 
deiit  or  by  old  age.    But  death  from  old  age  ia  very  unusual,  ddeut  and  by 
I'or  even  in  tke  case  ol"  those  wlio  are  very  Jar  advanced  in        '^^' 
life,  its  close  is  ordinarily  brought  about  by  some  le&Lon  or  derangement 
of  the  vital  organs,  thus,  in  reality,  constituting  accidental  death. 

Most  men  desire  that  their  (inal  scene  may  be  attended  with  as  little 
derangement  aa  possible  of  their  ordinary  mental  powers,  and 
that  it  may  be  very  brief.  If  this  constitute  the  euthanasia, 
ar  bappy  death,  it  certainly  can  not  be  thought  that  extreme  old  age  is 
desirable,  constituting,  as  it  docs,  a  long-continued  and  dreary  disease. 
The  senses  fail  ua  in  the  same  manner  and  in  the  same  order  that  Ihcy 
do  when  we  arc  ioUing  asleep,  tiieir  gradual  deterioration  bringing  us  back 
to  the  heEpIesanesB  and  imbecility  of  infancy.  In  the  long  interval  dur- 
ing wliich  this  is  going  on^  the  aged  man  is  not  only  a  burden  to  hiniself, 
but  a  sad  spectacle  to  every  one  around  him ;  his  perceptions  are  being 
gradually  blunted ;  and  though  he  ijs,  &a  it  were,  by  degrees  passing  into 
a  final  slumber,  it  is  in  tliat  disturbed  Way  which  all  have  witnessed  when 
they  fall  asleep  after  severe  fatigue, 

Tiie  different  jwrtions  of  the  body  die  in  succession:  the  system  of 
animal  life  before  tliat  of  orEranic,  and  of  the  former  the  scns- 

.  .,  „  ,  ■  ,    I       ,  Gradual aralh. 

ory  ninctiona  tail  nrst,  voluntary  motion  next,  wiiiic  tJic  pow- 
er of  muscular  contraction  under  external  stimulus  Btill  feebly  continues. 
The  Uood,  in  gradual  death,  firat  ceases  to  reach  the  extremities,  its  pulsa- 
tions becoming  Icag  and  leas  energetic,  so  that,  tailing  to  gain  the  periph- 
ery, it  passes  but  a  litsle  way  from  the  heart;  the  I'eet  and  bands  become 
cold  aa  the  circulating  £uid  leaves  them,  the  decline  of  tempcratui-e  gradu- 
ally invading  tiie  interior.  No  one  has  ever  yet  offered  a  more  accurate 
picture  of  the  appearance  of  the  dying  than  that  presented  by  Hippocrates: 
"If  the  patient  lies  on  his  back,  bifl  anna  stretched  out,  and  his  legs 
hanging  down,  it  is  a  sign  of  great  weakness;  when  he  slides  down  in 
the  bed  it  denotes  death.  If,  in  a  burmng  fever,  he  is  continually  feel- 
ing about  with  bia  hands  and  (lugcrs,  and  moves  them  up  before  Ids  face 
and  eyes  as  if  he  were  going  to  take  away  something  before  them,  or  on 
his  bed-covering  as  il'  he  was  picking  or  searching  for  little  straws,  or 
taking  away  some  speck,  or  drawing  out  little  flocks  of  wool,  all  this  Is 
a  sign  that  he  is  deiirious,  and  that  he  will  die.  WHien  liis  lips  hang 
relaxed  and  cold,  wlien  he  can  not  be.ir  the  light*  when  he  sheds  tears 
involuntarily,  when,  dozing,  some  part  of  the  white  of  the  eye  is  seen,  un- 
less he  usually  sleeps  in  that  maimer,  these  signs  prcgnosticate  danger. 
When  his  eyea  are  sparkling,  fierce,  and  tixed,  he  is  delirious,  jhc  iiippft- 
or  soon  will  be  so ;  when  they  are  deadened,  aa  it  wei-e,  witli  ■^f"'"'' '»«- 
a  mist  spread  over  them,  or  their  brightness  lost,  it  pres;ages  deolL  or 
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great  weakneaa.  When  the  patient  has  His  nose  sharp,  his  eyes  sunk, 
his  temples  hollow,  his  ears  cold  and  contracted,  the  gkin  of  hie  forcliesd 
tense  and  dry,  and  the  color  of  his  face  tending  to  a  pale  gi~Gen  or  leaden 
tint,  one  may  give  out  for  certain  that  death  is  reiy  near*  unless  the 
strength  of  the  patient  lias  been  exhausted  ail  at  once  by  long  watchinga, 
or  Ly  a  loosencisa,  or  being  &  long  thne  without  eating." 

Even  after  death  eome  of  the  organic  functions  conlinue  for  a  time, 
Tost-mortem  mofc  particularly  secretion  and  the  development  of  hent.  In 
(iwiTaod  MS-  ■  ^^''^^^  chapter,  page  444,  the  capability  of  extraordinajy 
•iwns.  muscular  motions  has  been  referred  to.     From  other  inter* 

esting  obBervations  on  those  who  have  been  instantaneously  decapitated 
by  the  guillotine,  it  has  been  asserted  that  the  body  can  display  wliat 
has  been  teimed  poet-mortem  passion  and  resentment.  It  may,  however* 
be  doubted  whether  this  is  really  true.  Perhaps  these  effects  are  only 
analogous  to  those  convulsive  manifestations  which  may  be  easily  pro- 
duced, in  an  intensely  interesting  way,  by  the  application  of  voltaic  bat- 
teries to  those  who  have  been  dead  for  some  time 

Phyaiologista  often  quote  the  senliiiicint  of  Montaigne,  *■'  With  how 
f  .j^.|.,  little  anxiety  do  we  lose  the  consciousness  of  light  aud  of 
liefora  tb« flruil  ourBclves."  By  tliis  they  would  convey  the  idea  that  the 
*^™*''  act  of  dying  ia  as  painless  as  the  act  of  faUing  asleep,  and 

also  as  little  perceived.  They  recall  the  fact  which  seema  to  support 
this  view,  that  those  who  have  been  recovered  after  apparent  death  from 
drowning,  and  after  sensation  has  been  totally  lost,  report  that  they  have 
experienced  no  pain  ;  and,  indeed,  when  we  reflect  that  the  sensory  pow- 
ers are  the  tirst  to  decline,  the  eye  and  the  ear,  at  an  early  period  in  the 
article  of  deatli,  faihng  to  discharge  their  duty,  and  the  general  sense  of 
touch  becoming  rapidly  more  and  more  obtuse,  we  can  scarcely  put  any 
other  interpretation  upon  the  final  struggles  which  constitute  what  is  so 
significantly  called  the  agony,  than  that  they  are  purely  automatic  and 
therefore  unfelt.  Doubtless  the  mind,  in  this  solemn  moment,  is  some* 
times  occupied  with  an  itiatantaneous  review  of  impressions  long;  before 
made  upon  the  brain,  and  which  offer  themaelveg  with  clesmees  aad 
enci^  now  that  present  circumstances  are  f;iiling  to  e.\cite  its  attention, 
through  loss  of  sensorial  power  of  the  peripheral  organs,  this  state  of 
things  having  also  been  testified  to  by  those  who  have  been  recovered 
from  drowning. 

Life  closes  at  last  in  various  ways.  Some  pass  away  as  though  they 
were  really  falling  asleep ;  others  witii  a  deep  sigh  or  groan ;  others  with 
a  gasp ;  and  some  with  a  convulsive  struggle. 


I 
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CH^vpTER  yn. 

ON  THE  INFLUENCE  OF  PHysiCAI-  AGENTS  ON  THE  ASPECT  AND  FORM 
OF  MAN  ANU  ON  llIS  INTELLECTUAL  QUALITIES. 

Difference*  ia  Fonn,  Habits,  and  Cohr  of  Men.^Idtai  7'jgiea/M<m.—'It»A»oenl  and  DtMoeat. 

—  CatistK  e^'iheat   lariofwn*. 
Zkirlnae  of  lie  UrlHy  of  the  Human  Rare. — Hoftrine  of  its  Ongiujf)vm  mnffy  On/jva, 
Iiijluracf  ii/  Hail  on  Compltj^ion. —  Catixs  uf  CfiamU   I'ariiitioiiM. — Jnflaenre  of  ih'Ht  iUu^ralfd 

by  ihii  fOiea  of  ihe  Indo-Jiitrtipeimji,  ifie  MangoU,  tht  American  Im&ma,  and  lite  A/ntwia. — 

lAttrAuium  of  ■Complexwn  in  tht  Tm/neal  Raaea. 
Varialioni  in  the  Sixiettm. — Four  JAx/f*  ^>f  tromMwiy  /Ae  Sicli.—  Connecfiim  of  the  Sfiape  of 

the  Jrikfili  and  Manner  ^  Lift. — Physirai  Qniges  of  Variation  of  die  iihiiL 
In/lwmea  oftfK  Ai-lioii  of  the  Liver  on  Compkicion. — Infiuenix  t/f  the  Acttan  of  ift  Lttfr  tru  the 

Form  of  the  SMI. — Buk  Form  of  ShiU  uritanff  from  Low  as  tc^U  na  High  TfuiJU^rttlure*.-^ 

DiWfipiiVfi'^  of  the  Rfd-fiairtd  and  Hfur-rge.ii  Men  ta  Europe. 
TVie  /aleJJfcluaf  QuuJilirj  of  Natiunn. — Sgntliflitul  Mind  of  (he,  Anatic.-^Aitafyficat  Mind  of  the 

Eurapeaa. — Their  reiptrlive  Oantrlhiilions  to  Hvnam  Cix^iltzation. — Sfotad  of  MolrtiiHtitedwi' 

ixm  ia  Afi-iai. —  Spread  of  Christiamly  in  America.— J/nwner  i^'the  I'roijrtss  of  ail  Nation* 

u  CtviliifUian. 

There  are  great  diiferencea  in  the  aspect  of  men. 
The  portrait  of  Newton  ia  from  the  frontispiece  of  his  immortal  Prin- 
f'ff  5rtr>.  cipia.     "  Doea  he  eat,  DiiftreDces  in 

and   drink,  and   .leep,  ^7^",^^^" 
hkc  oilier  people?"  ask-  rata. 

Fiui.  '.'CT, 


Aiiitrtliiiii. 


ed  the  Majqula  de  THopital,  himself  a  great  contemporary  French  math- 
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<:mat  ician :  "  I  represent  him  to  myself  as  a  celestial  genius  entiielT  dis- 
engaged  tiom  matter,"  And,  irutv,  tr^nscendebt  inteUect  shines  oat  in 
every  liueament  of  that  noble  countenance. 

What  a  contrast  between  the  astronomer,  of  whom  the  hiunan  r«ce 
may  be  justly  proudt  and  llie  Australian  savage  whose  portrait  Dr.  Pncfa- 
ard  has  furnished!  This  man  lives  in  a  hollow  tree,  which  he  has  in 
part  excavated  by  fire,  and  obtains  a  precarious  support  from  sh-ell-fiah, 
or  bruifled  ants  and  grass.  lie  can  make  a  book  of  a  piece  of  oyster, 
and  can  fasttti  a  hne  tc»  it.  He  i&  lost  in  tilih  and  venniiir  His  life  is 
like  that  of  a  beaat ;  it  is  concerned  only  with  to-day.  The  early  nari- 
gators  amused  him  of  cannibalisiu.  We  can  not  say  that  his  (eaturce 
ac;i{uit  liici  of  the  charge. 

History  teaches  us  that  a  nation  may  pass  through  an  ascending  or 
descending  career.  It  may,  by  long-continued  mental  culture,  c:cbibit  a 
geEneral  mental  advance,  and  under  such  circumslaiicea  may  produce,  here 
and  tlit-rc,  an  intellect  of  the  first  order;  or  it  may  go  llirough  a  CQurse 
of  degradation  until  It  reaches  conditions  inconsistent  with'its  continued 
existence,  and  then  it  dies  out. 

3Ian  IS  accordingly  distributed  over  the  face  of  the  earth  in  varioas  con^ 
Fie.iie&  ^^^^  ditions.     Here  be  presents 

the  civilization  of  the  Kuro- 
]}ean,  there  the  abject  mise- 
ry of  the  Auetraban,  M'hat 
more  humiliating  spectacle 
could  be  offered  to  us  than 
the  annexed  engraving,  jF^p- 
ure  268,  from  JI.  d'Urvillftt 
Even  a  negro  of  Guinea 
iiiiglit  look  down  on  auch  a 
specimen  of  human  imbecil- 
ily  And  physical  Weakness 
witJi  contempt,  and  refuse 
to  recognize  such  a  being  aa 
a  man  at  alL 

What    IB    it    that    has 
brought  this  man  and  his 
viK'      companion  to  such  a  pass  t 
*■'  ii'iL-n^  An  ahnost  tropical   sun,  a 

CntLH«i>rtbe»(s  pestilential  cUmate^  starvation,  nakedness,  the  want  of  sfael- 
Uifferanfei.  (gf',  personal  fear:  these  have  done  their  work  on  tlic  suc- 
cessive generations  of  his  miserable  ancestors,  who  have  been  forced  6^10 
step  to  step  in  a  descending  career,  and  here  is  the  result. 

Among  the  causes  which  influence  tlie  aspect  of  man,  there  arc  two 


*> 
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which  are  prc-cmincTitt  heat  deterraineB  his  cMjmpIexion ;  social  condi- 
tion the  form  of  his  brain,  and,  therefore,  that  of  hia  skull. 

The  aspect  of  tiian  in  form  and  color  oscillatea  between  two  «xtrenies. 
Submitted  for  a  "due  time  to  a  IiigK  temperature,  any  race,  j,  ^^  f  ., 
irrespectively  of  its  original  color,  will  become  dark;  or  if  to  ncpntijiftnimtn 
&  low  temperature,  it  will  become  fair.  Under  fluch  condi-  '"'e*'"**'-ion. 
tions  aa  will  be  set  forth  in  this  chapter,  it  ■will  pass  to  the  pllipticfil ;  un  ■ 
der  others,  to  the  prognathous  form  of  skull.  No  race  is  in  a  state  of 
absolute  equtlibriTim,  or  able  successfully  to  maintain  its  present  physi- 
ognomy, if  the  circumstances  under  which  it  lives  undergo  a  change.  It 
holds  itself  ready,  with  equal  facility,  to  descend  to  a  baaef,  oF  rise  tO  ft 
more  elevated  state,  in  correspondence  with  tliose  circurastances. 

I  think  that  this  principle  has  not  been  recognized  with  sufficient  dis- 
tinctness by  those  who  have  etadied  the  natural  liistory  of  man.  They 
have  occupied  themselves  too  completely  irith  the  idea  of  fixity  in  the 
aspect  of  human  families,  and  have  treated  of  them  aa  tEiough  they  were 
perfectly  and  definitely  distinct,  or  in  a  condition  of  equilibrium.  They 
have  described  them  aa  they  are  found  in  the  various  countries  of  the 
globe,  and  since  these  descriptions  remain  correct  during  a  long  time,  the 
general  inference  of  aa  invariability  has  gatheied  strength,  until  some 
writers  are  to  be  found  who  suppose  that  there  have  been  as  many  sep- 
arate creations  of  man  as  there  are  races  which  can  be  distingiushed  from 
each  other.  We  are  perpetually  mistaking  the  slow  movements  of  Na- 
ture for  absolute  rest.  We  compound  temporary  equilibration  with  final 
equilibrium. 

5lan  can  not  occupy  a  new  climate  without  an  organic  change  occur- 
l-ing  in  his  economy,  which  by  decrees  come;3  to  a  corre- 
spondence with  the  conditions  by  which  it  ia  surrounded,  ofiiimatc  and 
In  this  career,  each  individual,  as  a  member  of  one  genera-  "'¥"™'""'"'- 
tion,  may  only  make  a  partial  advance,  for  ditferentiation  most  commonly 
occurs  in  the  early  periods  of  embryonic  life,  aa  described  at  page  505; 
but,  smce  all  individual  peculiarities  are  liable  to  hereditary  transmission, 
the  cumulative  eflect  becomes  strongly  marked  at  last.     So  dominating 
is  the  control  which  physical  influences  exert  over  us,  that  invariability 
of  our  aspect  for  several  generations  may  bo  received  as  a  proof  that  those 
influeuces  have  been  stationary  in  kind  and  degree.     In  such  a  perfect 
manner  is  that  aspect  dependent  on  them  that  it  is  truly  their  represent- 
ative.    If  they  change,  it  muat  change  too. 

I  do  not,  thetetbre,  contemplate  the  human  race  as  consisting  of  vari- 
eties, much  leas  of  distinct  species,  but  rather  as  offering  numberless  rep- 
rescntationa  of  tlie  different  forms  which  an  ideal  type  can  he  made  to  as- 
sunie  under  exposure  to  diifeicnt  condiUons,  I  believe  that  tliat  ucai  type 
idea!  type  may  still  be  recognized,  even  in  cases  that  offer,  when  "^  """'■ 
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compared  together,  complete  dLscordances  ;  ami  that,  if  sucb  an  iUusli*- 
tion  be  pcrmi^aible,  it  is  like  a  general  expression  in  algebra,  wludi  ]^\ 
rise  tu  ditfercnt  rcsullA  according  as  we  assign  ditl'ervDt  valaea  to  ita 
quantities,  yet  in  every  one  of  those  results  tlie  original  expr&seioD  exists. 

From  this  it  therefore  follows  that  there  ia  a  capahility  of  meUiaot- 
phosis  or  transmutation  Irom  form  to  form ;  that  the  human  system  pos- 
e«se(^a  no  inherent  resistance  to  change,  no  phyBiological  inertia,  but  will 
pass  intllfferently  upward  and  downward,  toward  pertcction  or  (owftrd 
degradation,  as  circuiu stances  overrule,  yet  is  it  the  same  human  eystem 
tliroughout.  Nor  is  it  of  any  coosequonce  that  the  progress  of  these 
Time  uirei!  ^liangcs  may  be,  as  we  term  them,  tardy,  and  that  for  their 
for  i.bv»i'Jui^-  completion  a  long  time  may  be  required.  Even  a  maaa  of 
colcuuge.  inorganic  matter  —  a  rock  —  transferred  from  the  equator 
toward  the  pole,  or  from  tlic  pole  to  tlie  equator,  would  not  cJiange 
its  teniperatare  to  that  of  the  new  locality  at  once ;  it  would  come  to 
its  destined  equilibrium  In  a  gradual  way,  in  a  time  depending  on  its 
masH  and  conducliug  power.  We  should  not  impute  its  slow  manner 
of  yielding  to  any  iiUierent  principle  of  resistance  which  it  pcssussed. 
The  phybiologieal  metamorphosis  of  man  is  an  affair  of  centuries.  The 
uiiiverHiil  recognition  of  the  principle  that  such  clmnges  are  possible  lies 
at  the  bottom  of  all  our  attempts  to  elevate  communities  by  ameliorating 
their  social  condition  and  hy  education. 

l!4  tJie  rem^rka  which  follow,  it  will  therefore  be  understood  that  I  re* 
ceive  the  clasaijications  of  Blumcnbach  and  other  authors  as  oifmng 
convenience  ui  description,  but  do  not  attach  to  tliem  any  essential  sig- 
iiificance. 

Though  plants  and  animala  are  limited  to  certain  localities  of  the  earth's 
HiWtsofaW-  BUrfacef  BOme  epecies  being  formed  in  one  find  some  in  aji- 
fcmt  nBtiom.  other  region,  the  hiunan  family  lives  indifferently  all  over  the 
surface  of  the  globe.  It  occupies  countries  where  the  thermometer  falls 
to  50'^  below  zero,  or  where  the  temperature  of  the  midday  sun  is  ItiO^. 
In  these  dllferent  climates,  the  most  marked  differences  in  color,  staLnre, 
conformation,  and  habits  are  exhibited,  there  being  every  shade,  from 
u  jet  hluck  to  a  fair  white;  every  stature,  from  the  pigmy  Esquimaux 
rtiid  i..a]) landers  to  the  tall  Patagoniau ;  every  variety  of  facial  angle,  ironi 
that  acute  one  wliich  characterizes  the  ape  to  the  classical  as])cct  of  the 
(ireckt  whidi  is  more  than  90°  ;  every  pursuit  of  life,  hunting,  fislung, 
the  keeping  of  flocks,  agriculture^  commerce,  and  the  arta  of  civilized  so- 
ciety. To  these  might  be  added  the  use  of  every  variety  of  food,  from  a 
wretched  subfligtence  on  worms  and  roots  scratched  out  of  the  ground  to 
tlie  Itlxurious  habits  of  the  epicure ;  every  grade  of  locomotion,  from 
those  who  never  leave  the  hill  or  valley  where  tliey  were  bora  to  those 
who  are  perpetually  wandering  all  over  a  continent,  nay,  even  all  over 
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the  globe.  There  miglit,  too,  be  added  every  variety  of  character  and 
every  degree  of  intellectuaiity.  Among  these  difl'erencea,  the  variations 
of  language  are  by  no  means  the  least  important.  It  is  estimated  that 
more  than  three  tkoiisand  dialects  are  spukiin. 

Among  these  races  certain  common  traditions  prevail,  historical  rem- 
iniscences haiided  down  from  one  generation  to  another,  Traditions  ai 
which  convey  the  deeds  of  former  great  men  who  have  either  "ii'<'"»- 
distinguished  themaelves  by  their  achievements  in  war  or  by  their  in- 
ventious  in  the  peaceful  arts;  traditions  which  have  also  communicated 
the  religion  or  the  Buperetition  of  the  ancient  times,  and  which,  among 
people  inhabiting  counthea  remote  Irom  one  another,  present  each  an  as- 
pect of  sameness,  that  we  must  either  refer  tliom  to  one  common  and  more 
ancient  source,  or  regard  tliem  as  arising  irom  analogous  pecuharitics  in 
the  mental  structnre  of  the  whole  race. 

There  can  not  be  a  doubt  that  in  the  lapse  of  many  ages  the  influ- 
ence of  external  physical  agents  must  Iiave  raade  a  marked  .^ay„„j^f- 
iinpression  upon  the  original  characters  of  men.     Few  quca-  wm-i  agenu 
tions  Lave  been  more  critically  discussed  than  the  extent  to  ""  ""  '^"*' 
which  tliia  change  of  aspect  by  physical  agents  can  go,  many  natnraliata 
believing  tJiat  the  sole  cause  of  national  dilt'crence  is  the  intluence  of  cli- 
mate or  temperatore — an  influence  which  is  sufficient  to  account  for  all 
other  organic  peculiarities  wc  have  just  apecitied ;  for  if  we  admit  that 
the  same  original  genn  may  develop  itsell'  into  countless  forms,  accord- 
ing as  it  has  been  exposed  to  diB'erent  physical  agents,  much  more  is  it 
probable  that  the  various  races  composing  (he  human  faniUy,  exposed  es 
they  have  been  to  diflerent  physical  circumstances,  may  by  degrees  have 
assumed  the  discordant  features  they  present,  althougli  they  have  de' 
scentled  from  one  original  stock. 

Here  wc  shall  have  to  consider  the  weight  which  should  be  attaclied 
to  a  very  remarkable  observation  which  has  of  late  been  G«ogra]]b>cAi 
made  as  respects  the  distribution  of  man, .  With  regard  to  p]"n^''ani-  "' 
plants,  it  has  long  been  known  that  they  are  grouped  round  nmi3,aii<i!iuin 
certain  centres,  which  may  be  regarded  as  their  foci  of  origin,  and  one  of 
such  groups  compared  with  another  presents  striking  contrasts ;  the  veg- 
etation of  Central  Atrica  is  wholly  distinct  from  that  of  Kurope,  the  veg- 
etation of  Eirrope  distinct  firom  that  of  North  America,  and  this,  again, 
trom  New  Holland.  There  are  no  lanrins;  in  Central  iiJrica,  no  heaths 
in  the  New  World.  The  forests  of  New  Holland  gain  tlieir  most  strik- 
ing features  from  their  leafless  acacias  and  eucalypti.  So,  in  like  man- 
ner, (hero  are  foci  of  origin  and  circles  of  distribution  as  regards  animal 
life.  The  £iuna  of  Asia  is  wholly  dissimilar  &om  that  of  Euro{^  the 
fauna  of  Europe  is  dissimilar  from  that  of  Nortii  America,  and  this,  again, 
from  tliat  of  Alrica  and  New  Holland.     Without  specily'ing  details,  we 
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may  recall  that  the  liippopotaraua  and  camelopard  are  natives  of  Africa, 
and  arc  restricted  to  it ;  the  tiger  ia  a  native  ot'  India ;  the  armadilloB 
ami  ant-eaters,  of  South  America;  tlic  kangaroo  and  ornilliorhynchus,  of 
New  Holland.  The  earth's  surface  might  thus  be  divided  into  regions 
or  realms,  each  posaeaaiiig  its  own  special  flora  and  launii.  And  more 
tlian  this,  tJie  oceans,  too,  might  in  like  manner  be  parted  off^  and  tliis 
not  only  as  regards  tlieir  surtkce,  but  also  in  strata  at  different  tleptlis. 
Now  these  botanical  centres  and  circles  arc  coincident  with  the  zoological 
centres  and  circles,  and  hence  there  has  arisen  the  idea  that  such  centres 
have  been  truly  points  of  original  development, both  tor  one  and  the  oth- 
er of  these  natural  kingdoms,  and  that  the  globe  has  not  been  tilled  by  a 
procesB  of  dispersion  or  diifusion  from  one  point,  but  co-ordiiiately»  and, 
perhaps,  contempo^a^eo^^8lJ  from  many  such  foci,  and  that  wc  can  still 
recognize  the  position  of  tliese  foci  by  a  critical  study  of  animala  ajid 
plants. 

As  to  the  discussions  whicli  have  of  late  years  arisen  on  this  qaestion, 
Tbfltwohy-  the  reader  may  refer  to  the  work  of  Drs.  Nott  aiid  Oliddon 
OTirfn'o'nJ  *  on  the  types  of  mankind  for  arguraenta  in  support  of  a  nrnl- 
(Jon!!.  titude  of  centres  of  human  origin,  and  lo  that  of  I>r.  Prich- 

ard  on  the  natural  history  of  man  for  those  in  behalf  of  the  unity  of  the 
race.  In  these  works,  respectively,  will  be  found  moat  of  the  facta  liiih- 
erto  brought  forward. 

In  the  tbnner  of  these  works,  Professor  Agassiz  draws  attention  to  the 
DcKtrineof  circumstance  that  idl  around  the  Arctic  circle,  and  tlicwfore  tn 
ProfesBor  evcry  longitude,  is  to  be  found  one  race  oH'ering  clmracters  that 
■^'^^'*"  are  strikingly  homogeneous  in  asj>ect,inteliect,  and  habits  of  life, 
represented  in  America  by  the  Esquimaux,  in  Eurojie  by  tho  Laplanders, 
and  in  Asia  by  the  Samoicdes.  These  live  in  a  region  of  which  the 
Ho«i  fAunftl  ^"""^  ^^^^^  ^'*''^  '^'"'^  likewise  homogeneous.  It  has  evray  where 
■nd  human  the  saTOC  dreary  expanses,  covered  with  dwarf  birches,  moss- 
B'^T*-  gg^  2,nd  lichens;  in  its  waters  there  are  the  Eame  fishea,  aa 

the  Salmon,  and  the  same  molluscs  and  echinoderms.  In  the  air  it  has 
the  same  birds.  Among  its  mammals  found  thus  with  unilbrmily,  the 
white  bear,  the  reindeer,  the  walrus,  and  the  whale  may  be  mentioned. 
With  a  special,  fauna  thus  coinciding  with  a  special  flora,  lliere  is  also  a 
special  variety  of  man. 

What  has  here  been  sftid  respecting  Arctic  life  may  be  genenilizcd- 
Each  of  the  coincident  doral  and  fauual  circles  has  its  own  species  of 
man. 

Thus,  in  the  temperate  zone,  may  be  distinguished  three  such  primarv 
realms,  eacli  of  which  is  distinct  as  regards  its  botany  and  zoologj' ;  «iid, 
in  correspondence,  we  find  that  m  the  Hrst,  in  tho  country  of  the  Mongo- 
Hans^  to  the  cast  beyond  the  Caspian  Sea,  there  are  nations  whose  coa»- 
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plexion  is  yellow ;  in  the  second,  npon  the  shore  of  the  Mediterranean 
and  throughout  Europe,  there  are  others  whose  complexion  is  while;  in 
the  third,  in  America,  others  whoae  complexion  ia  red :  and  though 
these  three  widely-extended  races  touch,  upon  their  north  boundary,  the 
homogenous  Arctic  inhabitants,  in  every  respect  they  may  he  distin- 
guished from  them.  The  tempcrnture  of  the  zone  in  which  they  live 
ranges  from  32°  to  74°  ;  it  penoits  the  growth  of  pines,  nut  and  truit 
trees,  and  among  its  aitimaU  might  be  mentioned  the  lioar,  the  wolf,  the 
otter,  the  deer,  the  Bquirrel,  and  the  rat;  these  animairt,  however,  respect- 
ively exhibiting  striking  differencea  charactcriatic  of  their  three  focjii  cen- 
tres: the  black  bear  belongs  to  North  America,  the  brown  bear  to  Europe, 
and  the  bear  of  Thibet  to  Asia.  The  European  stag  fiuds  its  American 
analogue  in  the  wapiti,  and  in  Asia  in  the  musk  deer.  The  wild  ox  of 
Lithuania  differs  from  the  North  ^Vmerican  buffalo,  and  this,  again,  from 
the  Mongolian  yak.  Even  among  plants  the  Bame  diflerencea  may  be 
traced ;  the  pines  of  Europe  are  not  the  same  as  the  pinea  of  America, 
and  thus  it  would  appear  that  eaeh  of  the  three  great  organic  circles  be- 
longing to  the  temperate  zone  has  a  fiora^  a  fauna,  and  a  human  species 
of  its  own. 

The  same  general  result  might  be  established  for  the  tropical  regions, 
and  special  centres  assigned  for  jVfnca,  Jlalaya,  and  Polynesia, 

In  view  of  this  distributitm  as  connected  with  habits,  Dr.  Prichard  thus 
expresses  himself  in  hia  Natural  History  of  Man  :  "  Let  us  H»i.iia  of  oj>- 
imagine,  for  a  moment,  a  strnnger  from  another  planet  to  visit  "<""■ 
out  globe,  and  to  contemplate  and  compare  the  manners  of  its  inhabit- 
ants, and  let  him  first  witness  some  brilliant  spectacle  in  one  of  the  high- 
ly-civilized countries  of  Europe;  the  coronation  of  a  monarch,  the  in- 
stallation of  St.  Louis  on  the  llnone  of  hig  ancestors,  surrounded  by  an 
august  assembly  of  peers,  and  barons,  and  mitred  abbots,  anointed  from 
the  cmisG  of  sacred  oil  brought  by  an  angel  to  ratify  the  divine  privilege 
of  kings;  kt  the  same  person  be  carried  into  a  hamlet  in  Negroiand,  in 
the  hour  when  the  sable  race  recreate  themselves  with  dancing  anil  bar- 
barous music;  let  him  then  be  transported  to  the  saline  plains  over 
which  bald  and  tawny  Mongols  roam,  differing  but  little  in  hue  from  the 
yellow  soil  of  their  steppes,  brightened  by  the  saffron  flowers  of  the  iris 
and  tulip  ;  let  him  be  placed  near  the  solitary  den  of  the  Bushman,  where 
the  lean  and  Imngry  savage  crouches  in  silence  like  a  beast  of  prey,  watch- 
ing with  fixed  eyca  the  creatures  which  enter  hia  pitfall,  or  the  inaecta 
and  reptiles  which  chance  brings  within  his  grasp ;  let  the  traveler  be 
carried  into  the  midst  of  an  Australian  forest,  where  the  squalid  com- 
panions of  kangaroos  may  be  seen  crawling  in  procession  in  imitntion  of 
(piadruppds ;  can  it  be  supposed  that  such  a  person  would  conclude  the 
various  groups  of  beings  whom  he  had  surveyed  to  be  of  one  nature,  one 
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tribe,  or  the  offspring  of  the  same  original  Btock  ?  It  is  much  more  prob- 
able that  he  would  arrive  at  an  opposite  conclusion." 

On  tUis  it  may  be  remarked  that  much  would  depend  on  tlic  preWoas 
training  of  the  illustrious  stranger.  If  hia  mind  had  been  imbued  witb 
a  better  pliilosophy  tlian  that  which  prevails  in  this  our  lower  worli],  he 
might  look  with  an  equal  eye  on  the  transitory  faKhions  before  him,  auU 
penetrate  to  the  first  principles  of  things  through  the  ^se  glare  of  pomp 
or  through  debasement  and  degradation,  and  m  arrive  at  a  conclasion 
precisely  the  opposite  of  tlie  foregoing,  in  the  same  manner  as  has  Dr. 
Prichard  himselJ". 

For,  ftoin  such  an  elevated  point  of  view,  the  plumed  pageant  of  ciy- 
ilizcd  life  might  Only  appear  to  be  a  modified  phase  of  the  ceremonials 
of  equinoctial  Africa,  where  the  inhabitants,  on  their  festival  occaaiona, 
adorn  their  naked  bodies  witli  leaves,  and  present  oblations  of  palm  oil 
with  many  genuflexions  to  their  chiefs  and  enchanterg.  Beneath  the 
feathers  in  the  one  case,  and  the  leaves  in  the  other,  he  might  discern  the 
same  ruling  idea,  and  detect  the  same  Imrnan  nature ;  or,  if  his  vision 
could  reach  into  the  past,  and  recall  the  credulous  Greek  worshiping  be* 
fore  tlie  exquisitely  perfect  statues  of  the  deities  of  his  country,  beseeching 
them  for  fiunahine  or  for  rain,  and  th>en  turn  to  the  savage  Amaitnan,  who 
commences  his  iaatg  by  taking  a  vomit,  and,  for  want  of  a  better  goddess, 
adores  a  dried  cow's  tail,  imploring  it  for  all  eartldy  goods,  and  particu- 
larly to  pay  his  debts — again  the  same  principle  would  emerge,  only  il- 
lustrated by  the  circumstance  that  the  savage  is  more  thorough,  more 
earnest  in  his  work. 

In  fact,  wherever  we  look,  man  is  the  same.  Stripped  of  exterior  cot- 
RescmbianMa  erings,  there  is  in  every  climate  a  common  body  and  a  com- 
acLoiig  BfltioEs.  jpQj,  „,^j_     ^g  pyj  ^u  ^,f  yg  i-^y  g  .(^  (j^g  gj^mg  diseases  f 

Have  not  all  a  tendency  to  exist  the  same  length  of  time  ?  Is  it  the 
temperature  of  our  body,  the  beat  of  the  pulse^  the  respu-ation  that  we 
observe — are  they  not  every  where  alike  ?  Or,  ttuuing  to  the  manifesta- 
tiona  of  tlie  mind,  is  there  not,  among  ail  the  tribes  of  our  race,  a  belief 
in  the  ezistenee  and  goodness  of  Grod  ?  in  unseen  agents,  intea'iaiediate 
between  him  and  ourselves?  and  in  a  future  life?  Do  we  not  all  put  a 
reliance  in  the  efficacy  of  prayers  ?  and  ail,  in  our  youth,  have  a  dread  of 
ghosta  7  How  many  of  ua,  in  all  parts  of  the  world,  attach  a  value  to 
pilgrimages,  sacriiicial  offerings,  fastings,  and  unlucky  days,  and  in  ova 
worldly  proceedings  arc  guided  by  codes  of  law  and  ideas  of  the  nature 
of  property  1  Have  we  not  all  the  same  fears,  the  same  delights,  the 
same  aversions,  and  do  we  not  resort  to  the  use  of  fire,  domestic  animals, 
and  weapons  t  Do  we  not  all  eipect  that  the  differences  which  surround 
OS  here  will  be  balanced  hereafter,  and  that  tliere  are  rewards  and  puniah- 
mettta  ?    Is  there  not  a  common  interpretation  of  all  the  varied  fonus  <of 
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fuheral  ceremonies?  a  common  sentiment  of  the  sacredness  of  the  tomb? 
Have  we  not  alwayis,  and  do  we  not  every  where  set  apart  a  sacerdotal 
order,  who  may  mediate  for  lis  ?  In  our  less  advanced  dvilization,  do  we 
not  all  believe  in  sorceries,  witches,  and  charms?  It  Bignifics  nothing 
in  what  particular  form  oax  mental  conceptions  are  emhodied ;  it  13  the 
conception  tliat  concerns  us,  and  not  tlic  aspect  it  hag  asRiimed.  Thus 
equally  do  the  views  of  the  variona  nations  demonstrate  their  innate  he- 
lief  of  a  future  world — the  undisturbed  hunting-ground  of  the  American 
Indian,  the  voluptuous  Paradise  and  society  of  the  hotifia  of  the  Ai&- 
bian,  or  tibe  enow  hut  of  the  Esquimaux,  in  which  the  righteous  feed  on 
the  blubber  of  whales.. 

Turning  our  attention  to  the  influence  of  terapei^ture,  it  may  be  ob- 
served that  the  development  of  coloring  matter  in  the  skin  dc-  im!u*nceof 
pends  on  tlie  heat  to  wEiich  we  are  exposed.  Generally,  it  '*J",hp"oJ^"' 
migiit  therefore  appear  that  there  should  bo  a  correspondence  pltnion., 
between  the  complexion  and  the  latitude  of  the  place  of  our  abode,  the 
skin  being  darker  as  we  approach  the  equator,  and  fairer  toward  the 
poles,  because,  since  all  the  heat  that  we  receive  comes  from  the  eun, 
the  amount  which  h  furnished  to  us  depends  upon  the  obliquity  of  his 
raye,  and  therefore  npon  the  latitude.  But  this  is  true  only  in  a  very 
general  way,  and  many  exceptions  at  once  spontaneously  suggest  them- 
selvea.     I  may  point  out  some  of  these  variations. 

The  temperature  of  a  place  depends  on  three  leading  circnraatanceB, 
ita  latitude,  its  elevation  above  the  sea,  and  on  meteorology  Cansai  of  locd 
ical  conditions-  Respecting  the  latitude,  nothing  need  be  w"iip«ratT"a, 
added  to  tlie  remarks  already  o6fered ;  and  as  regards  the  influence  of 
elevation  above  the  sea,  it  is  to  be  remembered  tJjat  there  is  a  decline  of 
temperature  as  we  ascend  in  the  atmosphere  from  any  point  of  the  globe, 
and  for  this  reason,  as  hag  been  already  explained  at  page  473,  even  un- 
der the  equator  there  will  he  an  arrangement  answering  to  climates  on 
every  high  niountam,  ita  top,  if  sufficiently  elevated,  being  covered  witli 
perpetual  snow.  Of  meteorological  conditions,  it  may  be  said  tbat  they 
are  80  numerous  as  to  render  it  almost  imjwssiblo  to  give  a  full  and  yet 
brief  statement  of  them,  but  as  illustrations  may  be  mentioned  the  prox- 
imity of  the  sea,  or  of  great  desert  tracts,  ocean  currents,  the  prevailing 
winda ;  thus,  in  our  hemisphere,  a  north  wind  predominating  lowers  the 
mean  temperature  of  the  place,  a  south  wind  tends  to  raise  it ;  and  time, 
abo,  the  great  desert  of  Sahara  and  the  American  Gulf  Stream  increase 
by  many  degrees  the  temperature  of  Europe. 

For  Buch  reasons,  therefore,  the  Unea  of  equal  heat  do  not  correspond 
to  the  parallels  of  latitude,  but,  as  an  inspection  of  a  chart  of  them  will 
show,  deviate  greatly  tlicreiroiu. 

In  treating  of  the  influence  of  heat  on  plants,  it  was  shown  that,  when 
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we  make  our  examination  in  a  critical  manner,  the  problem  is  not  so  sim- 
ple as  appears  at  first  sight,  and  that  there  are  several  illiFerent  relations 
of  the  heat  which  must  he  considered.  Thus  the  geographj-  of  plants  is 
not  wholly  determined  by  the  mean  temperature  of  tlie  whole  year,  nor 
by  the  greatest  heat  of  the  summer,  nor  the  greatest  cold  of  winter;  that 
is  to  say,  it  neither  follows  the  isothermal,  isotheral,  or  isochimenal  lincfl^ 
Moreover,  the  luxuriance  of  vegetation  ia  not  so  much  dependent  upon 
tiie  temperature  or  intensity  of  heat  as  it  is  upon  the  qnantity.  These 
iflicnfiLti'  ami  ^"i^^^^  apply  With  much  force  to  the  case  now  before  us, 
tiuBtiiitj-  of  for  the  change  of  complexion  ia  not  ao  much  dependent  upon 
f**  .  ^jjg  intenaity  of  heat  determined  by  the  thertnometer  as  it  is 
upon  the  absolute  annual  quantity;  for,  though  these  conditions  of  in- 
tensity and  quantity  oi  heat  are  essentially  distinct,  yet  it  will  gcncrnllv 
happen  tliat  they  may  increase  or  dimimah  together,  without  there  being 
an  absolute  correspondence  between  them.  There  can  be  no  doubt  that 
the  quantity  of  heat  annually  furnished  in  Guinea  vastly  exce&ds  the 
quantity  annually  furnished  to  any  part  of  tropical  America.  It  is  upoti 
this  condition,  and  not  upon  the  height  of  the  thermometer,  that  the  dark- 
ening of  the  human  complexion  depends. 

To  the  reader  who  tis  not  familiar  with  the  technicalities  of  Natnral 
Fhiioaophy,  an  explanatory'  illustration  of  the  statement  here  made  may 
be  of  value.  If  he  i\'ill  suppose  that  he  examines  a  wine^-glass  of  water, 
boihng  hot,  and  a  gallon  of  tepid  water  by  a  thermometer,  he  will  finrl 
that  that  ingtrunient  will  stand  mucli  higher  in  the  win&^tass  than  in 
tlie  gallon.  But  if  he  proceeds  to  determine  how  much  ice  the  two  pra- 
tions  of  water  will  respectively  melt,  hc  will  find  that  the  greatest  effecl 
is  produced  by  the  liikewartn  water.  We  say,  therefore,  that  though  the 
thermometer  has  indicated  tlie  intensity  of  the  Iieat  in  the  two  portions 
of  water  n^apectively,  that  ia  to  say,  their  temperatures,  it  has  not  iodi- 
cafed  t];e  quantity  present  in  each,  but  the  melting  of  the  ice  haa  revealed 
the  fact  that  the  leptd  water,  by  reason  of  its  larger  proportion,  contains 
a  larger  quantity  of  heat. 

It  may  be  repeated,  therefore,  that  the  absolute  quantity  of  heat  an- 
nually furnished  to  any  locality  is  by  no  means  indicated  by  the  iaazi- 
mum  heiglit  to  which  the  thcnnometcr  will  rise  in  the  stmunex  Be.ason, 
yet  it  is  ujion  that  condition,  quantity,  that  the  tint  of  the  complexion 
depends. 

That  climate  does  thus  influence  color  is  clearly  demonstratedl  by  tlie 
Qnamitv  of  ^^^'  ^^^^  ^  family  of  men,  indisputably  derived  Jrom  a  com- 
he«t  ini^iiences  mon  filock,  have  difFerent  complexions  in  different  countries. 
L-omp  osiua.  rj>j^g  Jews  of  the  north  of  Europe  are  fair  men,  often  havinr 
red  beards  and  blue  eyes.  As  we  trace  them  in  their  southeasterly  di». 
Iribution,  their  color  deejrens  by  degrees.     In  their  original  country  they 
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are  tawny,  Btil!  farther  on  tliey  are  deep  brown,  and  in  Malabar  alinoet 
black.  A  tnore  mtereating  and  more  general  instance  is  offered  by  the 
race  to  which  tfc  belong,  tlic  IniJo-Eumjiefln.  ■\vhicli  reaches,  in  one  un- 
broken column,  across  Western  Asia,  through  Europe,  i'wm  Hindostau  to 
the  British  Islands.  That  tltis  is  one  homogeneoiis  family,  derived  from 
a  common  stock,  is  proved  beyond  all  possibility  of'  a  doubt  by  the  affin- 
ities of  its  languages,  all  showing  an  affinity  with  the  ancient  Sanscrit, 
and  even  betraying,  by  their  varied  dci^ignations  of  certain  objects,  in  an 
approximate  manner,  lEie  time  at  which  iJie  progress  of  this  column  was 
made— that  it  was  anlcrior  to  the  introduction  of  the  metals,  in  the  age 
of  stone,  as  some  authors,  have  designated  it,  witcn  weapons  and  implo- 
mentg  of  that  matteriwl  alone  were  employed,  for  the  iiann^a  of  the  metals 
are  different  in  many  of  the  different  languages  of  this  race. 

But  how  is  it  as  regards  the  complexion  of  the  Indo-liuro (jeans  ?  To 
the  northwest  it  is  light,  but.  it  darkens  toward  the  extreme  T»rii.iiona  im- 
southeast  in  India,  the  distribution  in  this  respect  having  j'lll'i^^Ey^fl^a^ 
been  doubtless  much  better  marked  in  former  times,  before  ruccs. 
it  was  disturbed  by  the  inflnences  of  civilization.  Thns  the  Roman  au- 
thors speak  of  the  northern  Germans,  of  the  Britons,  and  the  Gauls,  as 
being  red-haired,  blue-eyed,  and  very  light  in  their  complexion.  It  is 
Pot  to  be  understood,  however^  tlmt  the  tint  deeijcns  through  various 
sliades  of  olive  and  brown  by  a  steady  progress  na  we  pass  toward  India, 
tor  the  physical  principles  on  whidi  we  have  been  dwelling  would  pre- 
pare UB  to  expect  that,  whenever  we  reach  regions  more  elevated  above 

the  level  of  the  sea,  the  com- 
plexion of  the  natives  iviU  be 
lighter.  For  this  reason,  the 
injiabitanls  of  the  range  of  the 
Caucasus,  and  again  those  of 
the  great  elevations  of  theHim- 
malaya  fountains  and  sour- 
ces of  the  Ganges,  are  as  light 
;is  the  southern  Europeans, 
:iiid  tliere  very  fre<|uently  is 
^>ecn  the  aubam- bearded,  and 
blue  or  gray  eyed  man. 

White  the  complexion  thus 
depends  on  the  iieat,  the  form 
of  the  akull  is  deteniiined  by 
the  condition  of  development 
of  the  brain,  and  this  is  the 
more  perfect  where  Hfeis  main- 
tained   iu    circumstances    of 
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plenty,  indolence,  luxury,  ease.  In  Hiudostan,  among  the  natirea  of 
high  caste,  have  from  time  to  lime  ariaen  men  whose  mental  endowineiit& 

have  been  in  no  respect  infi-^rior  to  those  of  Europeans — statesmen,  poets, 
soldiers,  aBtrononiers,  mathcmaticiflns.  Complexion  apart,  the  portzvit 
of  Ram  Rutttim,  a  Brahmin,  Fi^.  2G9,  taken  by  Mr.  Branwhite,  presents 
nn  intelligent  and  agreeable  countenance,  iliough,  perhaps,  with  aa  air  of 
effeminacy- 
Let  ua  ejcamine  a  Bccond  of  our  eubdivisions,  the  l^Iongol,  cbaractorw 
T  *ai"oni  irn  ^^  **  descending  from  a  common  atock  by  the  afliuittoa  of 
prewpd  on  tho  its  langnagc3,  tbough  having  a  geographical  distributiun  from 

Mongol  r»ce.      ^^^  j^^^  ^^^^  ^^  ^^^  ^^^^^  ^^  ^^  p^j^^  g^       ^^  ^^ 

the  Indo-European  race,  so  with  this,  the  color  Lccomes  darker  aa  the 
tropic  is  approached — so  dark,  indeed,  that,  in  the  lowest  latitudea  to 
which  its  nations  reach,  they  may  be  said  to  be  black.  From  this  they 
pass  through  variouis  shades  of  brown  and  olive  as  a  progress  to  the 
higher  latitudes  ia  made,  the  pale  countenance  reappearing  in  North  Tajv 
tary,  and  attaining  to  whiteness  in  the  fish-feeding  tribes,  Samoiedcs,  on 
the  shores  of  the  Icy  Sea.  But  hero,  again,  the  complexion  and  the  lati- 
tude are  not  in  correspondence :  on  tlie  low  shores  of  China  the  natives  axv 
tawny,  bnt  in  the  mount ninoua  regions  of  the  northwest  of  that  conntrv* 
there  are  tribes  spoken  of  by  those  who  have  Been  them  as  of  surprising 
whiteness,  and  a  similar  circumstance  occurs  among  the  Tartar  tribes  of 
tlie  very  elevated  plateaux  of  Central  Asia* 

iVlthough  the  Cldneae  countenance,  botb  of  the  indigenous  race  and  tbc 

dominnnt  Tartars,  is  very  characteris- 
tic, aa  seen  in  the  annexed   portrait. 
Fiij.  270,  from  Dr.  Ptichard,  the  fonn 
jfT'      ^  jH/'-jjJifc  of  the  skull  ejtpresHcs  a  higb  intellec- 

tual cuiturBt  of  which  also  their  civil- 
ization and  their  polity  are  a  surpris- 
ing proof.  The  diificulties  of  govern- 
ing masaea  of  men  concentrated  in  a 
narrow  space  seem,  by  the  statesmea 
of  that  nation,  to  have  been  in  a  great 
measure  overcome.  On  the  Chinese 
rivers  there  are  many  great  cities,  vast- 
ly outnumbering  in  their  population 
""■"^  the  largest  European  capitals.      Undo- 

the  goveniment  of  the  emperor,  it  is  said  that  there  bve.  in  security  and 
repose,  one  third  of  the  human  race!  Such  a  epectacle  may  impress 
even  the  philosopher  with  sentiments  of  respect  and  admiration. 

The  hardships  of  life  have  left  their  impression  on  the  form  of  the  sfcuU 
of  the  North  Asiatic,  whose  energies  have  to  be  directed  to  the  support  of 
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animal  e:(istcnce.     The  portrait 

of  a  Kamtst' hat  dale,  -fiff.  271, 
sele-cJcd  by  Dr.  Pricliard  as  an 
example,  sliows  the  projecting 
muzzle,  tliat  u;variab]e  index  of 
want,  and  true  animal  feiLture, 
The  compJexion  is  aevcrthelesa 
in  correspondence  with  tlie  low 
tfniperjiture  of  the  country. 
A  like  examination  of  a  third 

i>f  the  aul) divisions    Varintioms  im- 

of  raem  the  Amcn^  i^^^ric^^  la- 

CUn,  equally  Wtll  il-    ilioaraW. 

Uistrates  the  influence  of  Heat. 
These,  though  pojjularly  spoken 
of  as  red,  and  often  regarded  as  presenting  the  aanic  color  from  the  North 
Polar  Sea  to  Terra  del  I'uego,  are  very  far  from  offering  such  a  unii'orm- 
ity.  The  Esquimaux  on  the  north,  and  tlie  FuegJans  on  the  south,  are 
light,  the  tint  of  the  native  races  deepening,  to  a  certain  degree,  as  the 
equator  is  approached — a  gradual  deepening^  much  better  marked  in 
South  than  in  North  America,  and  on  the  Pacific  than  on  the  Atlantic 

slope.  Ab  examples  of  the 
!North  Americiun  Indians, 
we  may  take  tlic  jxirtraita, 
by  Mr.  Catlin,  of  BLack 
Hawk,  J^.  272,  and  Tuch- 
ce^J^ff.  273,  page  576;  the 
former  a  Sac,  the  latter  a 
Cherokee.  It  is  sufficient 
to  compare  tlie  counte- 
nances of  these  Indiana 
with  those  of  California,  aa 
tigurcd  in  tlie  Voyage  Pit' 
toresquc  of  Ciioris,  /'j'j/. 
374,  page  576,  to  realize 
liow  erroneous  ia  the  preva- 
lent statement  tliat  all  the 
American  tribes,  botii  of 
the  north  and  south  conti- 
AmeriNu  iiuiiM.  tineut,  are  alike.     The  ol- 

ive-blflcfc  Indiana  of  the  Pacific  slope,  though  their  IJpa  are  thick  and 
their  noses  fiat,  have  lank  and  not  woolly  hair,  J^i^,  275,  page  576.  On 
the  Atlantic  shore,  ag  k  well  knowi,  the  temperature,  in  passing  to  lower 


^iF-*T4. 


In  South  AineTica,  the  HO-called  red  race,  as  we  hsve  jusi:  ol>scn'eJ,  in 
deeper  in  complexion  as  we  pass  from  Terra  del  Fuego  and  Fataf^nii 
northward  toward  tlie  line.  The  Cliilians  are  darker  t!ian  the  Fuegians. 
and  the  Peravians  darker  tlian  the  Cliilians.  As  the  topographical  con- 
struction of  tliut  continent  would  lead  «s  to  infer,  tlierc  ia  on  Annlogouft 
difitribution  from  west  to  cast,  crossing  the  preceding  at  right  angles: 
the  Inca  race,  who  inhabit  the  plateaux  of  the  Ardea,  are  lighter  tliaa 
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uorreaporids  to  tlie  latituile ;  but  from  this  point,  passing  to  the  enet,  the 
Brazilio-Guarani  arc  darker  aa  we  approacli  the  Atlantic  Ocean.  It  raay 
wilh  truth  be  aaid  that  the  intervention  of  the  Gulf  of  Mexico  and  Ca- 
ribbean Sea  has  lightened  the  complexion  of  the  aboriginal  tribes  of 
North  and  South  America. 

In  the  last  place,  we  msy  consider,  in  like  rtianner,  the  African  racea. 
These  are,  as  we  should  expect  from  llie  hieh  temperature  -r.  .  ,. 
of  that  continent,  all  dark,  yet  not  ec^ually  so,  for  the  JJcrbera  ijrewed  on  the 
toward  the  Mediterranean  sliore,  and  tlie  Hottentots  ami  Kaf-  "^""^  ""'• 
firs  adjacent  to  the  Cape  of  Good  Hope,  are  of  a  lighter  hue.  In  this 
class  we  ought  also  to  enumerate,  as  an  example  of  no  common  ititercat, 
the  native  Egyptians,  who  are,  perhaps,  the  lightest  of  all.  It  &qc9  not 
appear  that  there  ha^  been  a.ny  marked  change  in  the  complexion  of  the 
aboriginal  Egyptian  for  the  la&t  tliree  thousand  years,  so  far  aa  can  be 
Judged  firom  a  comparison  ufthe  deacriptiona  and  paintings  which  have 
descended  to  our  times,  with  tbe  esisling  Copts.  Leaving  the  Mediter- 
ranean shore,  and  advancing  to  the  aouth,  we  puss  tlirongh  bands  of  pop- 
ulation sensibly  becoming  darker,  save  where  a  disturbance  arises  by  rea- 
son of  the  elevation  of  the  mountain  ranges.  On  the  north  of  the  equa- 
tor the  negro  land  is  not  reached  until  we  are  within  10°  lati-  Tiienegm 
tnde.  The  true  negro  occupies  a  zone  crossing  through  the  con-  "•"■"' 
ttnent  west  and  east.  If  our  examination  be  made  mcndbnally,  in  the 
maimer  just  supposed,  but  along  the  Ked  Sea  coast,  the  complexion  of 
the  inhabitants  is  observed  to  darken  tiirough  Upper  Egypt  and  in  Abys- 
synia.  Of  this  country  it  is  interesting  to  remark  that  it  still  retains  lite 
Cliristian  faith  aa  delivered  to  it  iu  the  remotest  times  of  the  Church. 

The  portrait  of  an  Abyssinian,  /Vj,  ;t7. 

/7j7. 27t),  from  51.  d'ALbadic,  sliows 
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an  ndmisture  of  the  Arab  lineaments,  though  tlierc  ia  no  reason  to  suppose 

Ou 


Ikiaaa  4ae  t»  ifce 


oTAabUooA.    Of  Ae 


lawn  Mih  nmw  ■ifmiwliinfc >n  ilr  wpn     Theri 

iIkj  are  wxtlod.      It  i«  nid  that  tfae  Aniitfic,  tW 

Ai  MMBlfag  lie  AtyMMMM  is  nnj  icipecta,  Ifciia^l 
poMic  nde  (4*  liac  eqaMoc  ntsjr  be  mgrtioBBd  tbe  ualivev  of 
fity.  377,  jx.  .^77.  PiiMiilii^iD  MMepMtitabo,  the  tnees  oT Anb  ^- 
Hmsux,  ii  lu<  nerenheleM  fceea  hrfand,  pBtlj  fioM  tfaor  hngwagg  and 
jMftl/  frtwi  tlicir  fintufea,  itiai  the  most  munenw  daa«  is  «f  llalajr  «d- 
pm»  Tbongli  unong  lite  infenor  ^ibea  there  *re  aooae  wlndh  mrtt  btmA, 
the  «oapkxiaa  of  this  t«  olive,  and  tbe  bur  is  not  iroofl^,  tbeo^  it 
colli. 

It  Bboold  be  coiMtantly  borne  in  mind  that  the  naesiUaDee  of  featncs 
iMiaMMfMB  is  no  ptoof  (rfa  conununitj  of  origin.  The  infloeace  of  cfi> 
ilwiwHwiiw  ''^'^  ^^^  ^  inamier  of  li&  is  so  great  that  in  a  doe  period 
«■!  iMfHfK  f^time  tbe  most  direne  tribes  will  show  amiUr  lineaments, 
Anelog]^  in  the  stntcttire  of  Ungoages  and  identitj  in  rocabtUaij  u 
iDti^  beit-ur  evicleitci^  tliou^li  e>-en  thia  miut  ht  j^xn'w^  with  caatioo.  In 
reianitoe  to  tliia,  it  liaa  been  reiy  signiEcaotljr  remarked  that  birds  of  tbe 
n?  m.  same  kind  sing  tbe  same  notes 

in  all  eoantries,  even  tbou^ 
under  sucli  ciTcumstancea  as  to 
exclude  the  possilnlitj  of  tb«it 
having  Leen  tanght  by  tbetr 
parents. 

The  anneixed  ligiire,  278,  is 
g;ivcn  by  Ur.  Frichsund  as  a 
H|~jec)nicn  of  the  tiatiTes  of  Mo> 
i;anil)ifiiip.  The  expression  is 
iindoubtedly  much,  superior  to 
that  prevailing  on  the  Wegt 
African  coast.  Of  some  of 
t\\tSG  tribes  it  li  said  that  the 
Ni.n»n  ni  MoMiBbiqiip-  hair  is  Hot  wooUy.  but  mcTGly 

irixKl(!cI.     It  growB  lf>ng[»  and  hangs  in  Blender  curls. 

I'ixan]i)iinf<;  tlio  zone  designated  as  negro  land,  wc  find  that  the  n^ro 
AtiwllufBilim  character  of  Its  inhabilanta  is  not  in  all  parts  developed  with 
"viwhTtiw''  ^xi'i"^  intensity.  Tlie  maximum  is  ahown  in  the  Gnioea 
iml  counlrie!",  and  fron  thence  across  the  continent  to  tlie  east 

the  phyniojcnmriy  iiiiprovca.     The  nepro  charncleristics  may  be  specified 
an  intonxc  blackiirHs  of  the  akin,  woolly  hair,  thick  lijia.  gaping  nostrils. 
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nj.  3tB.  and  a  prognathous  ekuU.     But  iIlb  negro 

aspect  is  not  limited  to  the  African  con- 
ttneiit ;  it  is  prolonged  or  projected  tlirougb 
the  Indian  into  the  Pacific  Ocean,  north 
and  south  of  the  equator,  in  a  zone  of  many 
degrees.  Sumatra,  liorneo,  Celebes,  New 
Guinea,  and  part  of  Australia,  lie  in  this 
zone.  In  tliL'se  vnrioiiB  countries,  one  or 
another  of  the  characteristics  we  liavo  men- 
tioned predominate,  in  jiart  tiirough  the  in- 
HucncQ  of  clmiat(?i,  and  in  part  tliroug^li  ad- 
mixture of  blowl.  In  Bome  of  thepo  people 
the  hair  is  not  woolly;  in  some,  the  lips 
are  thin,  and  the  nose  projecting :  in  j*uiue, 
the  form  of  the  akuli  indicates  a  great  bu- 
periority  over  the  WeBt  Afnc.in  trEhes.  But,  whatever  these  mndifica- 
tiona  may  be,  the  blauk  races  of  the  Pacllic  present  in  their  general  ap- 
j*,,  flao  pearance  so  predominating  a  negro  as- 

pect tliat  they  have  liy  all  travelers 
been  classed  with  that  tribe.  Of  one 
of  fhese  nations,  Dampior,  the  early 
navigator,  speaks  as  "  shock,  curl-pu- 
ted,  Nciv  G  uinea  negroes. "  The  por- 
trait, J'^iff.  280,  fixini  Choris'a  Voyage 
IMttorcaque,  of  a  girl  of  the  island  of 
Luzon,  one  of  the  Pliilippinea,  may  il- 
lustrate this  remark  ;  for,  though  the 
fumi  of  the  head  showa  a  very  great 
advance  upon  thnt  of  the  Guinea  ne- 
l;to,  the-  facial  angle,  resjieL^tiiig  which 
more  ■will  shortly  be  said,  being  much 
larger,  and  the  relative  size  of  the 
brain  therefore  increased,  the  counte- 
nance is  essentially  that  of  tropictil 
Africa. 

The  projection  of  the  African  type  into  the  Pacific  is  crossed  at  a  cer- 
tain point  by  a  like  projection  of  the  dark  ABsattc  type,  and  y  ■aHont  im- 
in  the  region  of  this  intersection  or  conimingling  wc  tind  the  pTewwi  en  th* 
most  degraded  specimens  of  humanity.  """'^  ™^ 

From  these  regions,  as  we  pass  castwardly  toward  the  American  con- 
tinent, the  improvement  becomes  very  striking:;  thus  the   .    ,.|oraiionftf 
natives  of  the  Society  Islands,  though  living  within  the  thBrcUgiaa 
tropic,  are  of  a  clear  olive  or  brunette.     In  the  opinion  of  ^yp ^  "**>■•■«• 


1^111)1  jil  rw  negro. 


580 


COMPAUiaON  OF  THE  BKELETON. 


some,  if  it  were  not  for  a  slight  thickness  of  the  Hps  and  spreading  of 

the  nostrils,  the  counletiance  would  be  European,  The  men  are  de- 
Hciibed  BS  "  tall,  strong,  well-limbed,  and  finely  shaped,"  Many  of  tlie 
children  have  flaxen  hair ;  and  sailors,  who  are  getierally  competent 
judges  of  Buch  matters,  iiniversally  yield  a  tribute  of  admiration  to  tlie 
prettinesa  of  the  women.  Captain  Bligh  attributed  the  mutiny  in  his 
ship  to  that  interesting  cause. 

We  may  next  consider  variations  in  the  form  of  the  akeleton. 

Here,  more  particularly  in  the  clasaification  of  the  fonn»  of  skulls,  T 
CompttrkQn  «dopt  the  division  introduced  hy  Br,  PridiarJ,  from  whose 
ofikeletoae.  work,  above  alluded  to,  the  following  passages  are  extracted: 

^'lu  all  other  races,  compared  with  Europeans,  the  Limbs  arc  more 
crooked  and  badly  ibrmed.  In  the  negro  tlie  bonea  of  the  leg  are 
l>ent  outward.  iSoemmering  and  Lawrence  have  observed  that 
the  tibia  and  fibula  in  the  negro  are  more  convex  in  front  than  in  Eu- 
ropeans ;  the  calves  of  the  legs  arc  very  high^  so  as  to  encroach  upon  the 
huns  ;  the  feet  and  hands,  but  particularly  the  former,  are  flat ;  the  os 
caleis,  instead  of  being  arched,  is  continued  nearly  tn  a.  straight  line  with 
the  other  bones  of  the  foot,  which  is  remarkably  broad," 

"It  was  observed  by  White,  and  has  been  generally  Lelieved>  that 
the  length  of  the  forearm  is  so  much  greater  in  the  negro  than 
in  the  European  as  to  constitute  a  i-eal  approximation  to  the 
character  of  the  ape.  Facts,  however,  prove  but  a  very  alight  difference, 
and  by  no  means  greater  than  the  varieties  which  arc  every  day  to  be 
oheer^'ed  on  comparing  many  individuals  of  any  race  or  natioiL  On  the 
other  hand,  the  diifercnce  between  adult  apes  and  men  in  the  Icngtli  of 
the  extremities  is  so  great  as  to  render  all  such  comparisons  veiy  remote, 
and  of  very  doubtful  importance  with  respect  to  any  ulterior  conclusion. 
According  to  Sir.  Owen,  the  arms  of  the  orang  reach  to  the  heel,  or  at 
least  to  the  ankle-joint,  while  in  the  chimpanzee,  or  troglodyte,  they  ex- 
tend below  the  knee-joint.  This  is  a  most  decided  and  widely-marked  dif- 
ference between  the  most  anthropoid  apes  and  the  uncultivated  races  of 
men.  Yet  even  the  slightest  approach  to  the  former  shape  would  be  a 
curious  eirciunstance  ;  if  it  eotdd  he  tiilly  established,  it  would  tend,  with 
other  facts,  to  imply  that  the  savage  races  of  mankind  have  somewhat 
more  of  the  aninial^  even  in  their  physical  confonnation,  than  the  more 
cultivated  races,  or  those  whose  iDiprovement  by  civilization  may  be 
dated  from  a  very  remote  era  in  the  history  of  tlie  world." 

**It  has  been  a  general  opinion,  since  the  time  of  Hoeraraering,  that 

.j.^  J.  the  head  of  the  negro  is  placed  so  much  fartJier  backward  9r 

magnnniofUie  the  vcrtcbral  column  as  to  occasion  a  material  difference  in 

the  figure  of  the  whole  body.     It  was  observed  by  Dsuben- 

tOft  that  the  foramen  magnum  is  ]>laced  in  quudrui:)eds  behind  the  ccntn 
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of  gravity,  whence  nn  important  tlrffereiica  ariBca  in  the  rdative  position 
of  the  head  and  tniink  in  man  and  in  inferior  animals.  The  extent  of 
this  difference,  when  the  human  skeleton  is  compared  with  that  of  the 
simise,  has  been  most  fuUy  made  known  bj  Mr.  Owen,  ivho  has  shown 
that  it  ifl  much  gre^iter  in  respect  to  the  adult  ape  than  it  has  hitherto 
been  supposed.  But  there  ia,  in  reality,  no  difTerence  in  human  races. 
The  foramen  magnum  ia  only  posterior  iri  the  negro  skull  to  its  plaop 
in  the  European,  in  consequence  of  the  projection  of  the  upper  jaw,  par- 
ticularly of  the  alveolar  proceaa." 

In  illustration  of  the  statement  of  5Ir-  Owen  respecting  the  relative 
Fsg.  i!9i.  length  of  the  arm  in  man 

and  in  the  more  niithropol'I 
apes,  I  give  the  annexed 
photograph,  I^g.  281,  of 
the  human  skeleton  and 
.those  of  the  chimpanzee 
and  orang.  Of  tlie  chim- 
panzne  it  should  be  ob- 
served that  the  specimen 
was  young.  They  arc  all 
brotiglit  nearly  to  the  same 
size  by  adjusting  the  dia- 
tancda  at  which  they  were 
taken.  The  human  skele- 
ekdEion  oi  in«ji,  chiiDpBiui>e,  anil  oTaug.  fQn  ^gg  (Jiflt  gf  a  nian  nioTO 

than  six  feet  in  height. 

There  arc  four  different  views  from  which  an  examination  _  ,     , 

of  the  skull  of  man  and  animals  may  be  made :  liSt.  The  lat-  examining  the 
oral:,  2d.  The  vertical :  3d.  The  basilar ;  4th.  The  front.        ''"^^■ 

lat.  The  lateral  view,  or  Camper's  method,  ia  thus  described  by  the 
anatomii^t  who  introdLiced  it,  and  whose  name  it  bears. 

"■The  l>as(3  on  which  a  dtatinction  of  nationa  is  fonnded  may  be  dis- 
played by  two  Btraight  linea,  one  of  which  is  to  be  drawn  _  ^  ^  ^^  . 
through  the  meaturi  auditorius  to  the  base  of  the  nose,  and  vie™,  or  Cam- 
the  other  touching  the  prominent  centre  of  the  forehead,  and  ^"'^  '""''i'"!- 
falling  thence  on  the  most  advancing  part  of  the  upper  jaw-bone,  the 
head  being  viewed  in  profile.  In  the  angle  produced  by  these  two  lines 
may  be  said  to  consist  not  only  the  distinctions  between  the  skullg  oC 
the  several  s.pecie3  of  animals,  but  also  those  which  are  found  to  exist 
between  different  nations;  and  it  might  be  concluded  that  Nature  has 
availed  horaelf,  at  tlie  same  time,  of  this  angle  to  mark  out  the  diversi- 
ties of  the  animal  kingdom,  and  to  establish  a  sort  of  scale  from  the  in- 
ferior tribes  up  to  the  most  beautiful  forms  which  arc  found  in  the  human 
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Species.  Thus  it  will  he  found  tK^t  the  heads  of  birds  display  the  smalj- 
est  angln,  and  llmt  it  olvrays  becomes  of  greater  extent  in  proportion  as 
the  aiii[iial  approachea  more  nearly  the  human  tigurc  Thus  there  is 
one  species  of  the  ape  tribe  in  which  tiie  head  lias  a  facial  angle  of  forty- 
two  degrees ;  in  ntiother,  of  the  same  family,  which  is  one  of  those  simia> 
most  approximatirg  in  figure  to  mankind,  the  facial  angle  contains  ex- 
actly fifty  degrees.  Nest  to  this  is  the  head  of  tlie  African  negro,  which. 
aa  well  as  that  of  the  Kalmuck,  forms  an  angle  of  seventy  degrees,  while 
the  angle  discovered  in  the  heads  of  Europeans  contains  eighty  degrees. 
On  this  ditferejice  of  ten  degrees  in  the  facial  angle  llie  su]>erior  beauty 
of  the  European  depends ;  while  that  character  of  suhhme  lieauty,  wbicli 
ia  so  s-triking  in  some  works  of  ancient  statuary,  as  in  the  head  of  Apollo 
and  in  the  Medusa  of  Sisocles,  is  given  by  an  angle  wliich  amounts  to 
one  hundred  degrees." 

A3  illustrations  of  this  view,  the  subjoined  profiles  of  the  skull  of  the 
European,  luff,  282,  the  negro^  I^iff.  283,  the  chimpanzee,  /'i^.  284,  and 

Fig.  asa  Fig.  2S3. 
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bluroprut.  Si:gn. 

the  orang,  J^^.  2S5,  arc  given.     Of  the  latter,  which,  of  apes,  are  among 

FtB.t6^  Fi^-Ses. 


Cbtru|4Ti.iti«c. 

those  most  closely  approaching  to  man, 
the  chimpanzee  is  a  native  of  tropical 
Afiiea,  and  the  orang  of  the  Indian 
Arcliipelago. 

2d.  The  vertical  ^-iew,  or  Blumenbach's  method. 
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"Blumenbach  gives  the  following  account  of  the  way  of  deacribing 
heads,  which,  he  says,  is  the  result  of  liia  own  observations  The  vertical 
in  a  long  and  constant  study  of  his  collections  of  the  skulls  ^""^"(J,-, 
ofditferent  nations:  He  remarks  tliat  the  comparison  of  the  meitod. 
breadth  of  the  head^  particularly  of  the  vertex,  points  out  the  principal 
and  most  strongly'raarlted  differences  in  the  general  contignration  of  the 
cranium.  He  adds  tJiat  the  whole  cranium  is  ausceptiblc  of  so  many  va- 
rietiea  in  its  form,  the  parts  which  contribute  more  or  less  to  determine 
the  national  character  displaying  such  different  pixiportions  and  d'vtea- 
tion»,  that  it  is  impossible  to  subject  all  these  diversitiea  to  the  raeaaure- 
ment  of  any  lines  or  angles.  In  comparing  and  arranging  skulla  accord- 
ing to  the  varieties  in  their  shape,  it  is.  preferable  to  survey  them  in  that 
method  which  prc-^cnu  at  one  view  the  greatest  number  of  characteristic 
peculiarities.  'The  best  way  of  obtaining  this  end  13  to  place  a  series 
of  skulls  with  the  cheek-bones  on  the  same  horizontal  line,  resting  on  the 
lower  jaws,  and  then,  viewing  them  fiom  behind,  and  iixing  the  eye  on 
the  vertex  of  each,  to  mark  all  the  varietieii  in  the  aliape  of  parts  that 
contribute  most  to  the  natioual  cliaracter,  whether  they  consist  in  the  di- 
rection of  the  maxillary  and  malnr  bones,  in  the  breadth  or  narrowness 
of  the  oval  figure  presented  by  the  vertex,  or  in  the  flattened  or  vaulted 
form  of  the  frontal  bone."" 

By  this  means  of  compariaon  Blumenbach  obtains  a  dlvlaion  of  skulls 
into  three  classes,  the  Caucasian,  Mongol,  and  Negro.  They  are  repre^ 
sented  in  J^i^.  28(),  Fig.  287,  Fi^.  288,  and  Dr.  Prichnrd  has  added  to 
these  fignres  F?^.  289,  the  artificially  elongated  skull  of  an  ancient  P&* 
ruvian,  Irom  the  burial-places  of  Titicaca. 

Fvi-  iM.  F^  sat. 
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3.  The  basilar  view,  or  Owen's  method. 

*'  No  single  view  of  the  skull  determines  so  much  in  regard  to  its  gen- 
eral contiguration  as  that  of  the  basis.     The  importance  of  -phntmEiM 
this  manner  of  examining  the  bony  structure  of  the  head  vieTf.orOwoa'* 
has  been  demonstrated  in  the  fullest  manner  by  Mr.  Owen, 
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(D  hiM  exceUent  memoir  on  the  struc- 

tore  of  t^ie  orang  and  chimpanzee. 

The  relative  proporliona  and  extent,  aiitl  the  pecnliarities  of  fonnatiaH^ 

of  the  different  parie  of  Ihe  cranium,  are  more  hilly  discovered  by  thu 

rnode  of  compariBon,  which  has  hitherto  been  much  Delected,  »K*m  W 

any  other  method." 
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"It  may  be  obflervcd,  in  this  view  of  the  cranium,  tliat  the  tmtero- 
poatcrlor  diamefcr  of  tlie  basis  of  ihe  akull  is  in  the  orang  very  mucli 
larger  than  in  man.  Tlie  most  striking  circumstance  which  diaplavB 
this  (ItfTerence  is  the  situation  occupied  by  the  zygomatic  arch  in  the 
plane  of  the  basis  of  the  skiill.  In  all  races  of  men,  and  even  in  human 
idiots,  the  entire  zygoma  is  included  in  the  anterior  half  of  the  basis  en- 
nii ;  in  the  head  of  the  adult  troglodyte,  or  chimpanzee,  as  well  as  in  that 
of  the  satjT,  or  orang,  the  zygoma  is  situated  in  the  middle  reg^ion  of  tho 
akull,  and  In  iho  basis  OTOupiea  just  one  tliird  part  of  the  entire  length 
of  ite  diametfT.  I'osterior  to  (he  zygomata,  the  {Ktroua  portions  hare, 
in  the  flimiai,  a  Iarg<?r  devclopnient  in  the  antcro-posterioir  direction. 
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vVnother  most  remarkable  character,  in  reapcct  to  which  those  anatomiatg 
■  have  been  greatly  deceived  who  compiMd  only  young  troglodytes  with 
man,  is  tlie  grrat  occipital  foramen,  a  teatiu-e  most  important  as  to  the 
general  cheracler  of  structure  and  to  the  habtta  of  tlie  wliolij  being. 
This  foramen,  in  the  haman  head,  is  very  near  the  middle  of  the  basis 
of  the  skull,  or,  rather,  it  is  £ituated  immediately  behind  the  middle 
transverse  diameter,  while  in  tlie  adult  chimpunzee  it  ia  placed  in  the 
middle  of  the  posterior  third  of  the  basis  cranii.  A  third  chfiractMietic 
in  the  apo  Is  the  greater  size  and  development  of  the  bony  palate,  in  con- 
sequence of  which  the  teeth  are  much  larger  and  moro  spread,  and  want 
that  continuity  which  13,  generally  api»aking,  a  chamcteriatic  of  man;  and 
intervals  between  tlie  laniary,  cutting,  and  bicaspid  teeth  admit,  as  in 
the  lower  tribes  of  animals,  the  apices  of  teeth  belonging  to  the  opposite 
jaws.  Fourthly,  the  bosia  of  the  ekull  is  dat,  owing  to  the  want  of  that 
downward  development  of  the  brain,  and  of  tjic  bony  case  connected  with 
the  greater  dimension  which  the  cerebral  organ  acquires  in  the  human 
being  compared  with  the  lower  tribes." 
4*  The  front  view,  or  Prichard'g  method. 

"■Neither  the  facial  angle  of  Camper,  nor  the  method  of  viewing  the 
skull  proposed  by  BlumenbacU,  affords  a  satisfactory  display  'ri,pf„j,t,^B„ 
of  tiie  characteristics  of  the  pyramidal  or  lozenge-faced  akull."  orPrichard'i 
*'In  i-V.  292,  which  is  the  drawing  of  the  skull  of  an  """""'■ 

Eaquiniaux,  the  lines  draivn  from  the 
zygomatic  arch,  touching  the  temples, 
meeting  over  the  forehead,  fijnn  ivith 
the  basis  a  triangular  figure.      These 
two   lines   in   well -formed   European 
heads  are  parallel,  the  forehead  being 
very  much  broader  than  in  the  heads 
of  Eaqnimaux,  and  other  races  whose 
skulls  belong  to  the  same  great  division 
of  human  crania,  amoisg  whom  are  the 
3longoltans,  and  Dtlier  nomadic  nations 
of  Northern  Asia.     The  most  striking 
characteristic  of  these  skulls  is  the  great 
lateral  or  outward  projection  of  the  zyg- 
omatic arch.      The  cheek-bones,  rising  from  under  the  middle  of  the  or- 
bit, do  not  project  forward  and  downward  under  tiie  eyes,  as  in  the  prog- 
tiathous  skull  of  the  negro,  but  take  a  direction  laterally  or  outward,  and 
turn  backward  to  meet  a  corresponding  projection  of  the  process  of  the 
temporal  bone,  and  fonn  with  it  a  large,  rounded  sweep  or  segment  of  a 
circle.     The  orbits  arc  large  aud  deep.     The  upper  part  of  the  face  being 
remarkably  plane  or  flat,  the  nose  flat,  and  the  nasal  bones,  aa  well  as  thu 
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Bp«oF  bfrtween  tlie  ejrebrows,  nearly  on  the  same  plane  with  the  cheek- 
bones, the  triangular  space  described  by  the  lines  (dravn  oa  the  wood- 
cat)  may  be  compared  to  one  of  the  faces  of  a  p^Tumid.  The  iflrhole  face, 
LiiAtcad  of  an  oval  form,  as  in  most  Europeans  and  many  ^ViricaLtis,  is  of 
a  lozenge  shape," 

"Another  characteristic  in  most  of  the  pvramidal  skulW,  or,  mtK 
the  form  of  the  face  to  which  thia  configuration  of  the  skull  gives  liBfc' 
\B  the  apparently  angntax  position  of  the  aperture  of  the  eyehd^  There 
ij  no  want  of  p&laUeliam  in  the  orbits.  Or,  mlher,  of  coincidence  in  the 
transverse  sections  of  tJie  orhilaJ  cavities.  The  obliquity  consists  hi 
the  structure  of  the  lids  themselves;  the  skin,  being  tiglitly  diswn  txver 
the  large  protuberance  of  the  malar  bone,  under  the  outer  an^le  of  the 
eye,  and  at  the  inner  extremity  smoothly  extended  over  the  lowt^r  nasal 
bones>  while  tlie  bridge  of  tlie  nose  is  scarcely  elevated  above  the  pUnr 
of  the  suborbital  spaces,  gives  to  the  eye  the  appearance  of  being  pUced 
with  the  inner  angle  downward." 

*^The  oval  or  elliptical  form  ia  that  of  Europeans,  and  the  southem 
Afiiatics  who  reai^mble  them  ;  the  zygomatic  bones  and  the  Jaws  beong 
lees  protiil>GrBnl»  the  entire  outline  of  the  head,  viewed  from  above,  has 
no  projecting  angular  parts,  and  is  dchned  by  an  oval  circumference.  Bw 
in  that  oval  figure,  or  rather  ellipse,  the  two  diameters  vary  considerfr- 
biy  in  proportion;  in  other  words,  some  nations  have  rounder,  othere  man 
elongated  heads.  The  shape  of  the  brain,  and  of  the  skull  at  its  baaiB, 
is  iu  the  rounder  heads  more  like  that  of  tJie  pyramidal  skull,  or  the 
cranium  of  the  nortliern  Asiatics ;  in  the  narrower  heads  it  approaches 
the  ligure  of  the  elongated,  or  negro  liead." 

We  may  therefore  conveniently  classity  skuUs  in  three  divisions : 

Ist.  The  prognathous,  which  is  represented  in  J^iff.  293»  l>cing  iho 
CUsirflciti&a  «1^"J1  0*  "  negro  of  very  forbidding  aspect.  This  ft>rni  ia 
of  •kttlli.  marked  by  a  forward  projection  of  the  jaws,  the  br»in  being 
therefore,  as  it  were,  thrown  backward  as  respects  the  face,  the  forcheiul 
being  more  horizontal  and  low. 

2d.  The  pyramidal,  /'V;/.  232,  which  gives  rise,  as  lias  l>cen  Bi«ted 
above,  to  the  lozengc-ahaped  face. 

3d.  The  elliptical  or  oval,  which,  viewed  from  above,  has  an  oval  coik 
tour  without  projecting  parta,  and  in  the  profile  showa  A  large  facial  au- 
gle,  AS  in  the  Franch  akull,  -F/jr.  294. 

These  forms  of  skull  seem  to  be  connected  very  closely  with  habitf* 
CiRinwiiim  of  of  life :  the  prognathous  with  the  savt^  state,  or  that  of 
eh'^^kTanfl  ^"nt>"g;  the  pyramidal  with  a  wandering  pastoral  life  ;  aud 
iimmiKPof  life,  the  elliptical  with  that  of  civilization. 

With  respect  to  the  form  of  tlio  pelvis  in  different  nations,  the  raiia- 
tions  are  by  no  means  so  significant  aa  in  the  case  of  the  cranium*  iuas- 


EFFECTS   OP   WANT   AND   DEGliADATION. 


687 


Fig-Wa-. 


fTjr.  BM. 


.V, 


^cero. 


l-'tocr  h. 


much  OH  tliey  are  of  indiscriminate  oc- 
currence. It  may  perlm|)s  be  inuiiitained  in  a  general  way, 
that  in  llie  leas  advanced  tribes,  aa  in  the  female  Ilotlentot, 
there  13  an  appro  xini  at  ion  to  the  form  esiiihiJeJ  by  tbu  siiniuj,  the  iliac 
bones  being  more  vtrtlcul,  and  the  whole  structure  characterized  by  its 
length  and  narrowness,  Prol't^asor  Weber,  who  has  examined  tlus  sub- 
ject with  care,  concludes  that  no  particular  figure  of  tlie  pdvis  is  a  char- 
acteristic of  any  one  race. 

The  remarks  which  have  been  made  respecting  variBtiona  of  complex- 
ion, as  exhibited  in  different  climates,  might  almost  be  re-  The  phynWai 
peated  as  rGsj^iects  variationa  of  the  form  olthe  skull,  origi-  ^tli^f^niUe"" 
nating  in  diiference  of  physical  circumstances ;  for  as  the  «kiiii. 
complexion  varies  in  ditferent  temperatures,  so  does  the  figure  of  the 
skull  in  different  social  condiliong.  The  elliptical  skull,  which  beyond 
all  doubt  ia  that  which  belongs  to  man  in  his  most  civilized  state,  may 
be  deteriorated  and  degraded  even  to  tlie  lowest  progjiathous  form. 
Want  and  squalid  misery  will  praduce  this  result.  Igno-  iisdegrodaiifln 
ranee,  mere  animal  life,  social  degradation,  lead  to  ita  ap-  ^y  '"■"'^■ 
proach  in  varied  degrees.  Even  in  tlie  large  European  cities  we  recog- 
nize the  incipient  stages  of  it  in  those  classes  who  follow  a  precarious 
life — tha  projecting  jaw,  the  retreating  forehead,  the  mouth  habitually 
open,  or  the  lips^  parted  so  as  to  sliow  the  teeth.  Air.  Thackxab,  in  his 
work  on  the  Eftects  of  Arts,  Trades,  etc,  on  Health  and  Longevity,  says, 
"  I  stood  in  Oxford  Road,  I'llanchestcr,  and  observed  the  stream  of  oper- 
atives as  they  left,  the  mills  at  twelve  o'clock.  The  children  were  almost 
universally  itl-looking,  small,  sickly,  barefoot,  and  LH-ckd.  Many  ap- 
peared to  be  no  older  than  seven.  The  men,  generally  from  sixteen  to 
twenty-four,  and  none  aged,  were  almost  as  pallid  and  thin  as  the  cltil- 
dren.  The  women  were  the  most  respectnblo  in  appearance,  but  I  Saw 
no  fresli,  fine-looking  individuals  among  them.  Ilere  I  saw,  or  thought 
1  saw,  a  degenerate  race — Jiuinan  beings  stunted,  enfeebled,  depraved." 
Under  the  opposite  circumstances,  where  life  is  maintained  in  indolence 
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and  plcTity,  tlie  converse  effects  may  take  place.     Of  tdis,  perliaps  tlic 
Iw  r¥ciiii.«(ion  ™o^t  striking  illustration  is  that  pointed  out  by  Dr,  Prichanl 
by  luxury.         q1*  the  !oss  of  the  pyranijJal  form  of  akull  by  the  KurOfKau 
Turks,  a  form  which  appertained  to  their  Asiutlc  ancestors,  and  the  as- 
sumption of  the  elliptical,  the  akuU  not  of  a  wandering,  but  of  a  Btation- 
aiy  and  civilized  race.     Nor  has  this  transmutation  taken  place  in  them, 
in  the  short  period  since  they  made  tlicir  European  conquest,  because  of 
the  intiucnce  esercised  by  the  Circassian  and  Georgian  women  intro- 
duced into  their  liarems,  for  this  has  been  upon  too  small  a  sc»lc  to  pro- 
duce &ucU  a  getiGiid  result,  and  is  a  luxury  wliich  can  only  "be  inJulg«.*d 
in  by  the  wealthier  classes. 

Ab  a  descent  is  made  to  the  skull  of  the  prognathoiis  form,  tlic  coan- 
Ctmtrtwbfl-  temmce  loses  those  features  which  we  regard  as  being  bran- 
nltboul'LuTft.  *'^'''  ^"^  fisanmes  a  baser  cast.  When  it  has  readied  the 
liptical  skulh.  limit  in  that  direction,  it  is  actually  hideous,  recalling  at 
once  the  detestable  jispect  of  the  ape.  In  this  state,  in  the  tropical  cli- 
niatea»  the  lips  are  thick,  the  Iiair  woolly,  the  nostrils  gaping.  The  in- 
tellectual powers  are  torreapoiidingly  dL^pitssed  ;  the  dullness  of  the  eye, 
its  porcclain-like  sclerotic  contrasting  with  the  blackness  of  the  skin,  ia 
in  correspondence  with  the  low  and  degraded  mental  power.  On  the 
contrary,  when  the  passage  Ja  made  toward  the  elliptical  form,  the  coan- 
tenance  becomes  more  beautiful  and  interesting,  capable  of  expressing  tho 
most  retined  mental  emotions.  The  eyes,  in  an  indescribable  but  sig- 
nifieant  manner,  manifest  the  exalted  powers  of  the  mind,  and  the  lip» 
are  composed  or  compressed. 

If  I  am  not  mistaken,  darkness  of  the  skin  and  a  progaathoas  form  of 
Mode  in  whirh  skull  may  be  dependent  in  the  dark  tribes  on  the  same  cir- 
dMk^compkx-  cumstance.  Functionally  the  liver  la  in  connection  with  the 
Jwi.  calorifacicnt  apparatus,  its  secretion,  the  bile,  as  shown  in 

Chapter  XL,  coinciding  in  habitudes  with  a  hydrocarbon.  Sluch  of  it 
is  therefore  reabsorbed,  and  eventuaUy  devoted  for  the  support  of  a  higfa 
temperature.  But,  besides  this  combustible  material,  the  btle  likcvrise 
contwns  a  coloring  matter,  which  is  in  all  respects  an  eflfete  body,  and 
useless  to  the  system.  Thia  pigment  ia  derived  from  the  lllood-<liaca^ 
or,  rather,  from  their  hjEmatin,  as  is  proved  by  the  fact  tJiat  it  occnrs  id 
the  meconium  of  the  new-bom  infant,  and  likewise,  like  hieinatin,  it  w 
rich  in  iron.  Its  source  is,  therefore,  not  immediately  fi-om  the  food. 
To  remove  this  useleag  material  is  thus  one  of  the  primary  function^  of 
the  liver. 

Now  there  is  no  organ  which  is  more  quickly  disturVd  in  its  daty  by 
Inauencp^oftho  a  high  temperature  than  the  liver.  Whether  such  a  hi^ 
uvcrofiiil"  temperatun^  produces  its  effect  through  a  disturbance  of  thp 
inniEiksion.      action  of  the  lungs,  or  througli  an  impresaion  on  the  akin,  is 
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quite  immalerial.     If  the  organ  be  in  any  manner  enfeebled  in  its  duty, 

and  no  other  avenue  is  open  through  whieh  the  degenerating  lia'matm 

may  escape,  it  must  accumulate  in  the  circulation,  and  be  deposited  here 

and  there  in  suitable  places.     Under  such  circumstances,  there  arises  a 

tendency  tor  its  accumuktion  in  a  temporary  manner  in  the  lower  and 

more  spherical  cella  of  the  cuticle,  from  whicli  it  is  removed  by  tiieir 

gradual  exuviation  and  destruction  as  they  become  HuperiiciaL     Tin? 

temporsiry  deposit  of  the  coloring  matter  in  tiiis  situation  imparts  to  the 

akin  a  shiide  more  or  leas  deep.     It  may  amount  to  a  perfect  blackneas ; 

for  the  origin  of  the  black  pigment  of  the  negro  is  tlie  same  as  Tbiccoiorofthe 

that  of  (he  black  iiigmcnt  of  the  eye  in  all  races,  and  the  pre-  *^''"  dL-rh-cA 
\  .  '  *  ™   .  r  .   .    ,      ■,  from  the  hiE- 

dommating  percentage  ot  iron  it  presents  plainly  betrays  nwtin  *f  ihc 
that  it  arisea  froni  a  degenerating  li&matin,  in  ^bich  the  ''''^- 
same  metal  abounds. 

I  believe,  therefore,  that  the  coloration  of  the  Bkin,  whatever  the  par- 
ticular tint  may  be,  ta\vny-yellow,  olive-red,  or  black,  ia  connected  with 
the  manner  in  which  the  liver  ia  discharging  its  function.  That  de^ 
posits  of  black  pigment  can  normally  arise  in  the  way  of  a  true,  secretion 
by  cell  action  is  satisfactorily  proved  by  their  occurrence  in  angular  and 
rnmifiod  patches  in  the  skin  of  auch  animals  a$  the  frog;  and  thM  h»3- 
inatin,  in  its  degeneration,  may  give  rise  to  many  difterent  tints,  is  sub- 
stantiated by  the  colors  exhibited  by  ecchjTiioses. 

It  is  not  to  be  forgotten  that  coloration  of  the  skin,  though  apparently 
persiatent,  ia  tending  conlinuaUy  to  a  removal,  because  of  fonstatt  ro- 
tlie  oxidation  which  is  taking  place  as  the  pigment  cella  np-  ^'XrVii*'* 
proach  the  surface  of  the  cuticle  in  their  process  of  desquama-  sktin. 
lion  ;  but  as  this  goes  on,  new  cella  and  new  pigment  are  perpetually 
tbrming  beneath,  to  undergo  destruction  in  their  turn.  Under  this  point 
of  view,  the  complexion  of  the  akin  is  an  index  of  the  energy  with  which 
that  tissue  is  addressing  itself  for  the  removal  of  metamorphosing  bo;- 
matin.  In  accorapliahing  this  removal,  the  liver,  in  the  fair  races  of  man- 
kind, exerts  a  sufficient  activity;  but  in  hot  climates,  the  habitation  of 
the  blauk  races,  either  through  a  diminished  [wwer  of  that  gland,  or  be^ 
cause  of  an  increased  production  of  cftete  pigment,  the  skin  lias  to  lend 
its  aid,  and  the  degree  to  which  it  does  this  is  betrayed  by  the  depth  of 
its  hue. 

Having  thus  traced  the  coloration  of  the  skin  to  existing  peculiarities 
of  hepatic  action,  I  may  rejieat  the  remark  already  made,  ibfluence  of  the 
that  it  is  not  improbable  that,  in  the  most  degraded  negro  ^"riteto^'i' 
type,  the  prognathous  form  of  the  skull  may  be  attributed  ihosLull. 
10  the  same  cause. 

Not  that  this  alone  is  always  the  cause,  for  a  prognathous  skull  can 
by  degrees  arise,  as  we  Lave  seen,  in  any  race,  even  the  white,  from  a 
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Tariet7  of  csuaeB^  saefa  as  miseiy.  vant,  or  an  oppRsaed  sacial  stxic.  li 
ia,  however,  on  all  hands  admitted  that  ootfauig  ao  quv^y  dU^orb*  the 
brain  in  ita  action  as  iimctionil  distnrhance  of  the  IiTer.  If,  tlirov^i  a 
partial  &ilaK  in  the  opo^tion  of  that  great  gland,  the  prodacts  whidi  it 
5hDa]<l  normalljr  Secrete  begin  to  accmnolaie  in  the  blood,  or  hare  to 
seek,  new  chacnets  for  tbcir  escape,  the  rigor  of  the  intellect  is  a.t  oacr 
impaired.  It  is  with  the  brain  as  it  is  with  any  other  organ,  a  drrliiK^ 
in  its  activity  is  soon  followed  by  a  deterioration  or  diniinalion  erf  Ha 
stTuctnrp,  and  we  must  not  foi^et  that  it  is  not  the  brain  which  accoia- 
modates  it^lf  to  the  capacity  of  the  sknlL,  bnt  the  sknll  which  ^ccomtno- 
dates  itself  to  the  ebape  and  aizc  of  the  brain.  "Whatever  the  cjiuses  mar 
be,  and  of  coarse  they  are  very  nunierons^  which  tend  to  lessen  the  en- 
tire ccn?^bral  mags,  ot  by  ineqnality  in  theii  effect  produce  the  derek^ 
ment  of  one  part  wilh  the  contemporaneous  diminution  of  another,  they 
will  inevitably  give  rise  to  a  modification  in  the  figure  of  the  sknU; 
and  observation,  &a  well  as  phrenological  considerations,  would  canse  tts 
to  anticipate  that,  if  the  effect  takes  place  in  such  a  way  as  to  involve  the 
higher  powers  of  intellection,  the  skull,  answering  in  its  change  Uieiclo» 
will  aaaunie  the  prognathous  cast. 

From  wliat  I  liave  said  respecting;  the  roUtionahip  of  du9erent  natioBa 
Heirdiury  of  ^len,  it  Will  be  gathered  that  the  pecnliarities  on  -wfatch  wr 
\naamimm  liave  been  dwelling,  tlie  complexion  and  form  of  the  skull,  ta 
dependent  upon  hepatic  action,  are  capable  of  hereditary  trama- 
mission;  for  such  a  modJHed  glandular  action,  in  vhntever  manner  it 
may  liave  been  occasioned,  can  be  propagated  in  that  way. 

In  these  remarks  it  will  be  perceived  that  I  have  niainly  had  in  view 
B««  form  of  that  degradation  from  the  more  perfect  standard  of  man  which 
hwntowuia.  ^*  encountered  in  hot  cHmates,  and  which  finds  ita  expression 
peramre.  in  a  blacknesa  of  the  skin  and  a  base  form  of  the  sknll,  Bw 
there  is  likewifle  a  white  degraded  form.  It  is  that  which  wc  meet  in 
the  liigheat  latitudes,  and  it  is  therefore  dependent  upon  climate,  that  is 
to  say,  teraperattire.  Here  no  such  tax  is  thrown  upon  the  skiu  as  is 
the  case  In  Ujq  torrid  zone,  but  here  the  intellecinal  port-ers  are  ^reatJv 
enfeebled,  if  for  no  other  reason,  at  least  because  of  the  hardships  under 
which  life  must  be  maintained.  It  is  not,  therefore,  in  very  high  or  very 
low  latitudes  that  \vc  ehould  expect  to  find  man  in  hia  best  cslate,  and 
this  is  corroborated  by  the  history  of  all  races.  It  ia  true  that,  by  the 
artiJicia!  control  which  we  have  obtained  over  temperature  by  the  aid  of 
clothing  and  improved  modes  of  shelter,  we  have,  in  some  degree,  with- 
drawn ourselves  from  the  absolute  dominion  of  climate;  but,  putting 
these  disturbances  of  civilization  aside,  and  looking  only  to  our  imtura) 
Htale,  We  shall  be  constrained  to  admit  that  the  man  of  maxLmam  intel- 
lectual capacity  is  of  a  faint  brown  hue.     Nor  was  it  throogh  any  occi- 
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dental  clreuniBtaiice,  "but  becanse  of  physiological  conditions,  Maximuni  or 
that  civilLzation  arose  in  Egypt  and  m  the  Mesopotamian  ii,'^'Jii',t"™„'',"S 
countriesi.  It  was  Ibr  a  like  physio! ogiciit  reason  that  it  race*. 
spread  next  through  the  nations  on  the  north  shore  of  the  Mcditerraneait, 
and  never  BponlancouBly  originated  in  jVrctlc  Europe  or  Tropical  AiVica- 
Moreover,  it  must  bo  observed  how  forcibly  the  doctrine  here  urged  of 
tlie  passage  of  man  from  one  complexion  to  another,  and  Di^app^anin,-,. 
through  succeasively  different  fonna  of  skull  in  the.  course  of   °f'^'>  rcd-buir- 

T      .,,  111-1'  r   ■    1  "''  ""^  I'li"^ 

ages,  IS  illustratea  by  the  singuJar  circumataiicq  to  which  at-  ej-^d  people  in 
tenfioii  has  of  iate  years  been  directed,  of  the  gradual  disap^  Ehpoimj, 
pearnnce  of  the  rcd-iiairod  and  blue-eyed  men  froin  l'>uropc.  LesH  than 
two  thousand  years  ago,  the  Roman  authors  bear  their  concurrent  testi- 
mony to  the  fact  that  the  inhalntautu  of  Ilrllain,  <  iaul,  and  a  largii  portion 
of  Germany  were  of  that  kind.  Bat  no  one  would  accept  such  a  dcscrijj- 
tion  as  correct  in  our  limes.  By  some  writers,  who  liavc  not  taken  ea- 
larg?d  physiological  views,  this  cttrloua  circumstance  ha9  been  attempted 
to  be  explained  on  the  h^'pothesis  of  a  more  prghfic  power  of  the  brown 
or  black  hiaired  and  darker  man.  That  this  is  correct  not  a  shadow  of 
evidence  can  be  otTered,  The  supplanting  of  the  red  by  the  black  hiiired 
man  is  neither  on  account  of  any  in.?idious  or  involuntaiy  extermination, 
nor  because  of  the  numerical  pressure  alluded  to.  The  true  ransBotti^ 
reason  is  that  the  red-haired  man  has  himself  been  slowly  Qpimwrit  dis- 
changing to  get  into  correspondence  with  tiic  conditions  that  "i'l"'*'^'""^''- 
have  been  introduced  through  the  gradual  spread  of  civillzalion — condi- 
tions of  a  purely  pliysicat  kind,  and  with  which  llie  darker  man  was  more 
nearly  in  unison;  for  though  it  might  be  shoivn  that  the  cUuiate  of 
Europe,  by  reason  of  the  removal  of  forests,  and  other  cau!?e3,  chiefly  agri- 
cultural in  their  nature,  has  undergone  a  change,  this  is  nothing  compared 
with  the  changes  tliat  have  been  accomplished  in  domestic  economy  by 
better  clothing,  and  more  comfortable  lodging  and  food,  atid  these  arc  par- 
allel to  actual  cliangea  in  climate.  What  a  contrast  between  the  starved, 
naked,  and  almost  houseless  peasant-savages  oi'  the  times  of  Cteaar,  and 
(he  well-fed,  well-clothed,  and  well-housed  agricullural  laborers  or  manu- 
facturing operatives  of  ours,  who,  though  they  may  he  living  in  the  same 
geographical  region,  arc  literally  in  a  warmer  and  more  genial  climate — a 
climate  with  which  man  is  only  in  eorreapondence  when  his  skin  is  of  a 
darker  shade^  and  Ins  hair  of  a  brown  or  black  color ! 

From  these  investigations  of  the  anatotniciil  pecullftritiea  of  the  nation? 
of  men,  we  may  turn  to  those  of  a  mental  kind,  which,  in-   -,,._■     .• 

■^  3  1  Of  (he  ititelkct- 

deed,  ate  derivatives  thereof.      Doubtless  the  intellectual  uui  nujiiuies  of 
qualities  are  manifested  in  Hie  expression  of  the  countenance  '"^''*"*' 
and  in  the  capacity  of  the  form  of  the  skull. 

Conisidering,  for  the  sake  of  convenie-nce»  groups  of  nations  as  they 
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are  distnboted  geographically,  tbonghf  as  we  hare  seen,  this  is  a  di«is- 
Km  which  haa  no  philosophical  foandAtion,  we  womj  proceed  to  an  exam- 
ioation  of  the  ptjcfaical  state  of  ibd  European  aod  Asiatic,  whose  liistii^ 
t'umulics  ua  abmidant  maleriala  lor  this  poipose.  The  lilMik  **»Hnnit  of 
A&icm  and  the  red  tribes  of  America,  from,  the  imperfect  adTanccs  thef 
have  made  toward  civilLzaliou,  can  supply  but  few  &cts  for  aoch  an  in- 
vestigation. 

We  can  not  read  the  hiatoriea  of  Europe  and  Asia — we  can  not  exaia> 
iiriiibetk»l      ^^  '^1>^  present  condition  of  tbo%  contioeatft,  without  aaauam 

nuadolihD  to  the  conclu^ton  that  the  MOple  mhahitin?  them  ucsa^B  a 
An*tic;  ana-      ...  ,  -ii'  ,i. 

■rtk^mitKiuf  distmct  mental  constitution.     Alter  what  has  been  said  n- 

ibe  Europem.   gpectiiig  the  influence  of  physical  circumstances  on  tl»e  or- 
g3ni2ation  of  man,  it  is  onnecessary  for  us  to  inquire  hen;  in  what  that 
(liBtinction  haa  originated.      It  is,  perhaps,  most  signiitcantly  expressed 
if  we  say  that  the  nund  of  the  Asiatic  is  essentially  synthetic,  that  of  th/K 
EtiTopean  analytic*     The  former  is  the  creator  of  systems  of  tbcologr, 
law^  science,  some  of  which  have  endmred  for  thousatida  of  years,  and 
liave  been  adopted  by  a  large  portion  of  the  human  race.      The  latter 
puranes  his  course  in  a  way  leas  grand,  but  ivhich.  since  it  has  a  better 
ascertained  foundation,  leads  to  more  certain,  and,  in  the  course  of  ceo- 
tuiies,  will  show  more  powerful,  widespread,  and  equally  lasting  results^ 
The  intellectual  peculiarity  of  tlie  .^Vsiatic  has  been  attended  with  the  ad- 
vantage of  producing  an  almost  definite  social  state.     In  Asin  tlie  cus- 
toms remain  invariable ;  every  thing  is  in  a  state,  as  we  might  tenn  it*  H 
of  stagnation,  or,  as  they  consider  it,  of  repose.     On  the  other  hand,  the 
analytii.'al  tendency  of  the  Kurope^in  has  lod  to  the  intellectual  and  polit- 
ical anarchy  of  our  times,  when  fundamental  doctrine-s  of  every  kind  ore 
called  in  question^  and  scarce  t^vo  men  can  be  found  whose  views  on  re- 
ligious, political,  and  social  questiotis  coincide.     In  Aaia  there  Are  no 
qnestions,  but  only  alfirrnations.     Europe,  except  when  the  Church  (at 
a  thouaand  years  enforced  tlie  jVaiatJc  system,  has  ever  been  prone  to  ask 
'[Uestions.     Since  the  iburteenth  centiiry,  when  she  returned  to  this  pro- 
jtensity,  she  has  been  passing  through  a  cltaos  of  doubt  in  the  inoumer- 
able  answers  slie  receives. 

With  an  intellect  of  this  analytical  kind,  it  may  be  doubtful  whether 
Nawwity  of  the  European  could  ever  have  spontaneoualy  entered  on  the 
Kui^mbbV"-  ^'^"^^  of  civilization.  The  contact  of  the  Asiatic  was  essen- 
iiiiation.  tial  to  him,  aa  giving  him  the  material  on  wliieh  to  work. 

Nor  was  it  of  importance  whether  the  basis  fiiom  which  he  thus  started, 
and  the  additions  which,  fron:i  lime  to  time,  he  has  received,  were  true  of 
false ;  they  fumislied  him  witli  the  essential  condition  that  was  wanting. 
The  chsBcctor  must  have  Iiis  subjct-t.  The  history  of  Europe,  whether 
as  regards  pliilosopldcul,  religious,  or  political  affairs,  bears  the  impress 
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of  the  analjttoU-  mind  of  the  wliite  man.  In  Asia,  on  all  tkese  points 
they  tend  to  the  Jiomogeneous.  In  Europe,  every  day  makes  us  more 
and  more  heterogeneous. 

Thus  compared  with  that  of  the  Asiatic,  it  can  not  be  denied  that  the 
mind  of  the  European  is  of  the  higher  order.  Moreover,  though  Compftriion 
our  moral  qualities  are  not  equal  to  our  intellectual,  the  man-  ^'/'^^'^^'J^, 
ner  in  which  we  act  in  the  conditions  in.  which  we  are  placed  intcUcci. 
asserts  our  superiority  even  in  that  i^gard.  The  instances  are  many  in 
which  we  do  not  dare  to  carry  our  eonvictions  into  execution,  and  each 
of  these  illustrates  the  inequality  here  set  forth.  To  be  content  with  the 
chancea  of  tilings,  to  suffer  the  events  of  life  uncomplainingly,  is  surely 
not  ao  worthy  a  character  as  to  demand  a  reason,  and  to  accept  the  con- 
sequences of  resistance. 

The  intellectual  superiority  of  the  European  oyer  the  Asiatic  is  strik- 
ingly illustrated  by  their  relative  power  over  the  .^ifrican,  who  r^^.  ™,pp„ 
is  confessedly,  in  thia  repjwct,  beneath  them  both.  To  go  no  ivr  inflnaiee 
farther  back  than  the  last  ten  centuries,  botli  have,  in  tlicir  ""  "■  "™" 
special  way,  exerted  their  influence.  Here  and  there,  on  the  oulakirlH 
of  that  great  continent,  the  European  has  made  a  faint,  but,  at  the  best, 
only  a  transitory  impression :  the  Asiatic  has  pervaded  it  through  and 
fhrouglu  Of  the  promising  churches,  which,  in  the  eai-ly  days  of  Chris- 
tianity, fringed  the  nortliern  coast,  scarce  any  vestige  now  remains ;  the 
faith  of  Arabia  has  not  ordy  supplanted  them,  but  is  spreading  even  to- 
ward the  Cape  of  Good  nofie,  and  this,  as  it  would  appear,  spontaneous- 
ly. On  the  other  hand,  the  Euroiiean,  with  that  universal  charily  which 
is  his  noblest  attrilmtc,  has  spared  no  exertions  and  no  expense  to  dif- 
fuse the  blessings  which  have  been  conferred  by  Providence  upon  him ; 
and  yet  it  would  pcem  to  be  in  vain,  though  enforced  by  the  great  exam^ 
pie  of  his  civilization  atid  power.  In  this  we  see  the  affinity  of  the  mind 
of  Airica  with  that  of  Asia,  of  which  it  is  an  exaggeration,  and  its  incon- 
gruity with  that  of  Europe.  It  can  not,  in  its  present  statCj  appreciate 
our  manner  of  thinking ;  it  can  not  embrace  our  conceptions  of  truth,  hut 
delivers  itself  unresistingly  to  the  dogmas  of  the  East,  with  all  tlicir  er- 
rors of  faitli  and  all  their  imperfectionis  of  polity. 

Since  I  have  been  drawn  into  a  psychical  comparison  of  the  Asiatic 
and  European  in  the  foregoing  particulars,  it  may  not  be  p^,-.-.  , 
amiss  to  consider  the  two  races  in  another  important  respect.  nomsQ  in  Asm 
the  condition  of  their  females.  In  the  barbarous  state,  the  *"'  '"  "^^ 
woman  is  the  slave  of  the  man  ;  the  AIoLammedan  makes  lier  his  toy,  thi- 
European  h\a  companion.  The  avarice  of  the  former  for  beauty  is  re- 
placed in  the  latter  by  an  avarice  for  wealth.  The  treasures  of  the  onr 
are  placed  in  a  harem ;  those  of  the  other  are  perhaps  invested  in  the 
public  stocks. 

Pp 
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The  natural  position  of  the  female  sex  in  thia  respect  is  mdicgted  at 
once  by  the  relation  of  numliers.  In  Europe,  for  every  106  male  birtha 
there  are  100  female,  and  as  the  bcx  of  offspring  is  influenced  by  tlie 
rdative  ages  of  tlie  parents,  the  older  parent  giving  a  tciidejicy  to  its  own 
sex,  we  may  reaaonflbly  suppose  that  in  the  infants  born  of  polygamy 
the  males  will  preponderate,  reversing  tlie  result  wliich  is  observed  in  tho 
great  cities  of  Western  Europe,  in  which  the  ratio  of  female  births  riws 
above  Its  true  mean  by  nearly  four  prar  cent,  when  those  births  are  Ule- 
gitimatc.  In  that  term  of  the  market,  four  per  cent.,  what  a  volume  of 
information  is  here  conveyed  I  It  tells  us  that  the  European  female  does 
not  fall  at  once;  that  there  intervene  years  of  resistance  to  temptation,  a 
struggle  of  virtue  against  penury  and  distress,  but  it  also  reveals  the 
precocious  wickedness  of  man! 

Considering,  therefore*  the  near  equality  of  male  and  female  births,  W9 
may  truly  assert  that  monogamy  is  the  proper  condition  of  our  species, 
rind  that,  apart  from  its  social  evHs  and  criminality,  polygamy  ia  an  un- 
natural state.  I  shall  pass,  aa  unworthy  of  notice,  the  assertion  of  those 
who,  in  tliis  Christian  country,  practice  so  shameful  a  vice,  that  we  might 
ii3  well  divide  tiie  numljcr  of  square  acres  on  tlie  face  of  tlic  globe  by  the 
number  of  its  inliabitants,  and  declare  it  to  be  imporal  ia  any  one  to 
possess  a  larger  estate  than  corresfxitids  to  the  quotieni  thereof.  Ac- 
knowledging the  natural  depravity  of  the  human  heart,  I  accept  with 
humiliation  the  rebuke  that  the  most  enlightened  communities  cxiiibit 
in  these  respects  a  deplorable  e}>ectacle,  and  that  the  vices  of  the  Hi>- 
haramedan  harems  find  their  full  counterpoise  in  the  general,  the  awful, 
and,  in  many  places,  the  legalized  prostitution  of  Christian  cities. 

Europe  baa  adopted  as  the  fundamental  basis  of  its  religious  Byfitein 
P»       .        the  grand  Asiatic  truth  of  the  unity  of  God,  but  in  its  familr 
\yg*Diy  Alii     system  it  has  rejected  the  immemorial  and  widespread  Asi- 
loonQguiij.      ^^^  practice  of  polygamy.     That  circumstance  has   made  it 
what  it  is.     The  monogamous  liahit  has  tended  to  draw  the  family  tie 
more  firmly,  and  ha«  led  to  the  accumuktion  and  transmission  of  wealth 
(rom  generation  to  generation  in  the  same  house.     Wilh  thia  has  arisen 
a  liability  to  concentration  of  (Wwer  in.  castes,  and  the  use  of  surnames 
which  have  perpetuated  family  interests  and  family  pride.     In  Europe 
the  career  of  improvement  iis  in  the  society;  in  Asia  it  ia  in  the  tn<tiyid- 
ual ;  the  unknown,  starving,  illiterate,  but  atmng-willcd  soldier  of  lo-day 
ia  the  Pasha,  the  Caliph,  the  Emperor  to-moiTow.     The  castes  of  India 
Tfae  leipective  foHu  biit  a  trifling  exception  to  the  tact  that,  in  the  midst  of 
^^nVL-    =^  universal  despotism,  the  primcat  democratic  element  is 
rope.  concealed,  for  the  career  is  open  to  talent.     Tlirough  this, 

.'Vsitt  has  asserted  her  superiority  again  and  again.     Europe  has  never 
produced  a  great  lawgiver;  Asia  has  produced  many.     Generatious  of 


I 

I 

I 
I 

I 

I 


I 


ASIATIC  CONTHIBDTIONS  TO   CIVILIZATION. 


595 


three  hundred  millions  of  men  have  followed  the  niaiima  of  Confucius  for 
two  thousand  years^  throe  hundred  millions  are  the  followers  of  Moham- 
med. The  faiths  whicli  govern  the  daily  life  of  two  thirds  of  the  human 
race  may  well  be  an  awful  8|>ectacle  to  us — the  more  awful  because  we 
know  that  they  are  a  delusion.  The  only  approach  to  these  great  resultB 
in  the  Western  Continent  is  in  the  sapreniacy  of  the  Italian  Chuich  ;  but 
Horoe  owed  the  origin  of  her  system  to  Asiatic  missionaries;  nor  ivas  it 
the  completed  work  of  the  hand  of  one  man,  it  was  the  otfspring  of  cen- 
turies, the  joint  Issue  of  a  long  line  of  illustrious  sacerdotal  kings.  In 
military  life  the  highest  qualities  fihine  forth.  If  the  talent  tor  command 
and  the  capacity  of  a  statesman  are  to  he  measured  by  thb  grandeur  of  un- 
dertakings and  their  success,  it  still  remains  for  Europe  to  produce  a  sol- 
dier the  equal  of  Genghis  Khan,  and  a  king  like  Tamerlane.  Tliese  great 
(^aptains  held  almost  all  Asia  in  their  iron  grasp.  The  opinions  we  com- 
monly hold  respecting  these  illustrious  men  have  come  to  us  through 
perverted  channels.  Such  prodigious  sucoes&es  as  theirs  imply  the  high- 
est Lntellectu4il  powers.  Their  true  cliaracter  appears  when  we  comparo 
them  with  their  European  contemporaries.  At  the  same  time  that 
Charles  VII.  of  France  was  mystifying  Iiia  people  with  the  imposture  of 
Joan  of  Arc,  and  Henry  \'I.  of  England  waa  engaged  in  the  burning  of 
necromancers  who  had  attempted  his  life  by  melting  an  cnclmnted  wax 
image  before  the  fire,  Uliig  Beg,  tEie  grandson  of  Tamerlane,  waa  de- 
termining with  precision  the  latitude  of  Samarcand,  his  capital,  with  a 
mural  quadrant  of  IHO  feet  radius,  find  making  a  catalogue  of  the  stars 
from  his  own  obaen'ationa,  which  more  than  200  years  subsequently  was 
printed  at  the  University  of  O.xford. 

If  the  European  wishes  to  know  how  much  he  owes  to  the  Asiatic,  lie 
has  only  to  cast  a  glance  at  an  hour  of  his  daily  hfe.  The  Contrtbutum* 
clock  which  summons  him  from  his  bed  in  the  morning  was  J'^Ku^^'^i'* 
the  invention  of  the  East,  aa  were  also  depsvdras  and  sun-  civiiizaUon. 
dials.  The  prayer  for  his  daily  bread  wliich  he  has  said  from  his  in- 
fancy first  rose  from  the  side  of  a  Syrian  mountain.  The  linens  and 
cottons  with  which  he  clothes  luraself,  though  they  may  be  very  fine,  are 
inferior  to  those  which  have  been  made  time  immemorial  in  the  looms  of 
India.  The  silk  was  stolen  by  some  missionaries,  for  his  benefit,  from 
China.  He  could  buy  better  steel  tlian  that  with  whicli  he  shaves  him- 
self in  the  old  city  of  Damascns,  where  it  was  first  invented.  The  cof- 
fee he  expects  at  breakfast  was  first  grown  by  the  iVrabians,  and  the  na- 
tives of  Upper  India  prepared  the  augai"  with  which  he  sweetens  it,  A 
schoolboy  can  tell  the  meaning  of  the  Sanscrit  words  sacchara  canda. 
If  his  tastes  are  tight,  and  he  prefers  tea,  the  virtues  of  that  excellent 
leaf  were  first  pointed  out  by  the  industrious  Chinese.  They  also 
taught  him  how  to  make  and  use  the  cnp  and  aaucer  in  which  to  serve 
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iu  Hu  breaJdfast-tray  was  laeqaered  in  Japan.  There  is  a  tradition 
that  Iravened  bread  was  first  made  of  the  waters  of  the  Ganges.  The 
egg  he  ia  breaking  was  laid  by  a  fowl  whose  anccstora  were  domesticated 
by  the  3Ulaccatis,  unless  slie  maj  ha.*^  been,  though  that  trill  oot  alter 
the  case,  a  tnodem  Shanghai.  If  there  are  presen'Bs  and  6naits  on  hiv 
board,  let  him  remember  with  thankfulness  that  Persia  first  gave  him 
the  cherry,  the  peach,  the  plum.  If  in  any  of  those  delicate  prepax&tionai 
he  detects  tbe  flavor  of  alcohol,  let  it  remind  him  that  Uiat  substa&ce  m 
iirst  distilled  by  the  Arabians^  who  have  set  him  the  praiseworthy  exam- 
ptCr  which  it  will  be  for  his  benefit  to  follow,  of  abstaining  from  its  uac. 
When  he  talks  about  coffee  and  alcohol,  he  is  using  Arabic  words.  A 
thoiisand  years  before  it  had  occun-ed  to  bijn  to  enact  taws  of  restriction 
on  the  use  of  intoxicating  drinks,  the  Prophet  of  ^lecca  had  accomplish- 
ed the  same  object,  and,  what  ia  more  to  tbe  purpose,  has  compelled,  to 
this  day,  all  Asia  and  Africa  to  obey  it.  We  gratify  oiir  taste  for  per- 
sonal ornament  in  the  way  the  Orientals  have  taught  us,  with  pearls,  ra- 
bies^ sapphires,  diamonds.  Of  public  amusements  it  is  the  s&me:  tbr 
most  magnificent  fireworks  are  still  to  be  seen  in  India  and  China ;  and 
as  regards  the  pastimes  of  private  life,  Europe  has  produced  no  invention 
Aiiatic  roniri-  whlch  caii  livftl  the  game  of  chess.  We  have  no  bydiaalic 
imiinat  in  in.  coiistructions  38  great  aa  the  Chinese  canal — no  fortificatioBs 
nfl  extensive  as  the  Chinese  wall ;  we  have  no  artesian  wells  that  can  a.1 
all  approach  in  depth  some  of  theirs ;  we  have  not  yet  resorted  to  tbt- 
practice  of  obtaining  coal-gas  from  the  interior  of  the  earth :  they  hare 
borings  for  that  purpose  more  than  3000  feet  deep. 

Similar  obsen'ations  may  he  made  if  we  examine  the  Aat&tic  oontribn- 
^.  ,  .  tions  to  science.  While  tlie  learned  of  Europe  were  forlnd- 
imtiona  in  id-  ding,  as  a  hctesy,  the  doctiitie  of  the  globular  figure  of  tllf 
""■  earth,  the  Caliph  Al  Maimon  was  measuring  the  length  of  ■ 

degree  along  the  shore  of  the  Red  Sea.  He  and  his  successors  repeat- 
edly determined  the  obli(|uity  of  tlie  ecliptic.  A  >Saracen  constructed  thf 
first  table  of  aines»  another  explained  the  nature  of  twilighti,  and  showed 
the  importance  of  allowing  for  atmospheric  refi"action  in  astronomical  ob- 
servations. Algebra  itself  was  invented  and  brought  into  Europe  by  the 
Mohammedans,  who  gave  it  the  name  it  bears.  The  same  may  lie  said 
of  chemiatty.  It  ts  needless  to  pursue  these  statements, for  whoever  will 
take  the  trouble  to  look  into  the  history  of  nny  branch  of  science  cxistiDii 
in  the  seventeenth  century  will  find  how  deep  ate  its  obligntious  to  Asifr 
I  shall  therefore  add  but  one  fact  more,  the  invention  of  the  tigur«s  d 
arithmelic,  which  in  reality  gave  birth  to  that  seiGnoe,  and  laid  knowl- 
edge and  commerce  equally  under  obligations.  From  its  simplicitT. 
Iwauty^  and  universality,  this  invention  alone  Is  enough  to  command  tk 
E^titudc  of  the  hutORn  race.      The  manner  of  using  the   cipher  moi 
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placing  the  figures  is  one  of  the  happiest  suggcBtions  of  the  genius  of 
mail. 

I  sliall  not  set  in  contrast  with  these  statemeittB  a  catalogue  of  the 
contributions  of  the  European.  We  know  our  own  doings  well  enough; 
but  such  facta  aa  the  precetlJng  may  serve  to  remind  ua  that  the  Euro- 
pean is  no  uiOTc  justified  in  ignoring  the  obligations  he  is  under  to  the 
Aaifttic  than  the  AGiatie  is  juatilied  in  regarding  him  as  a  bnxharian. 
In  the  advance  of  our  common  humanity,  both  have  taken  and  still  are 
taking  their  share.  The  European  has  brought  to  the  new  continent  he 
Jiscovei-ed  his  religion,  his  laws,  Ids  literature,,  his  science,  and  it  may  be 
a  profitable  subject  ot  reflection  to  him  that  under  them  tlie  Indiiin  is  dy- 
ing away.  The  Asiatic  has  likewise  carried  the  Koran  into  ™  ^  ^ 
-Virica.  Our  prejudices  and  education  ouglit  not  to  conceal  Mohamnwdaa- 
from  us  that  there  must  surely  be  acme  adaptedncas,  even  """"  "**■ 
if  it  be  in  a  sensual  respect,  between  its  doctrines  and  the  idems  of  many 
climates,  many  nations,  many  colors.  The  light  of  the  Arabian  crescent 
ahiiies  on  all  countries  from  theGulf  of  (Juinea  to  theChineac  wall.  In 
those  pestilential  and  sun-burnt  forests  tuider  the  equinoctial  Une,  dt- 
iea  are  springing  up  with  their  ten,  their  twenty,  their  fifty  thousand  in- 
habitants. That  implies  subordination,  law,  civilization.  It  may  be 
that  this  is  not  a  course  of  events  which  would  have  beon  chosen  by 
(he  French  on  the  north,  with  their  military  colonics  ;  the  English  on  the 
south,  with  their  commercial  establishments ;  the  Americans  on  the  west, 
with  theu-  poHtical  institutions ;  but  it  is  the  course  of  Providence.  Let 
us  be  thankful  if  the  African  is  rescued  from  the  abyss  of  barbarism,  and 
brought  to  a  knowledge  of  our  Idgber  morality  and  holier  religion,  aa 
brought  he  will  be  at  lost,  even  tliough  it  be  by  the  hand  of  the  Prophet. 

In  the  following  chapter  1  shall  have  some  remarks  to  make  reapeet- 
Ing  the  manner  In  which  the  cinlization  of  Europe  wag  ac-  „  ,. 
complished,  and  shall  ofter  reasons  for  supposing  that  its  es-  didiiiadfln  of 
sential  condition  was  a  physiological  change  in  the  inhabit-  *^ 
ants.  Without  troubling  the  reader  with  details,  I  may  here  incident- 
ally observe  that  the  spread  of  Mohammedanism  in  Africa  ia  altogether 
owing  to  its  having  been  introduced  in  the  right  direction.  It  appears  to 
me  hopeless  to  attempt  the  amelioration  of  ttiat  continent  fi-om  its  west- 
ern shore.  Whatever  is  done  must  be  done  from  the  East.  In  power 
of  intellect,  and  in  a  disposition  to  appreciate  our  civilization,  the  inhab- 
itants of  the  countries  bordering  on  the  Red  Sea  are  not  to  be  compared 
with  ttioae  on  the  Atlantic.  It  does  not  seem  well  to  begin  with  those 
who  are  the  least  prepared.  We  do  not  commonly  expect  success  from 
operations  conducted  at  an  eccentric  point.  The  Koran  has  spread  be- 
cause it  has  availed  itself  of  the  great  Imes  of  trade,  which  reach  from 
the  Red  Sea  to  the  interior  of  the  continent ;  it  has  spread,  not  becaase 
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of  its  doctrinal  tlieology  or  theoretical  politics,  but  because  it  is  concern- 
ed in  tlie  atnetidmeTit  of  tlie  social  condition  of  the  people,  That  U  pre- 
cisely the  principle  wliicli  accomplished  the  civilisation  of  Europe  ;  and. 
with  regard  to  tlie  capacit)'  of  thosie  iialions  lo  receire  Christtanitv,  wi- 
may,  even  to  our  sliame,  recall  the  circumstance  that  the  Abyssinians  axv 
yet  a  Christian'  people;  still  retaining  the  ancient  faith  delivered  to  tliem 
in  the  apoBtoIic  ages,  when  our  forefathers  were  pagan  barbarians.  Sxti- 
rounded  by  the  most  deprtsaing  and  antagonizing  intiuencca,  they  h&Ytr 
heid  fast  to  their  faith  for  nearly  eighteen  centuries.  The  hoary  Abrs^ 
sinian  Church  carries  us  hack  beyond  the  Council  o(  Chalccdon  aiid  the 
disputes  of  the  Eutychiana  ;  its  literature  ia  full  of  the  questions  which 
ejcercised  the  faithful  in  the  primitive  times  of  (he  brctlu^n  at  Jerusalem 
— circumcieioii,  things  strangled,  meats  prohibited  by  the  law  of  Moees : 
and  yet,  to  the  discredit  of  the  European  and  American,  it  must  be  said 
that  tliia  Church,  full  of  incidenla  of  the  most  singular  and  touching  in- 
terest, lias  acarccly  had  (with  one  exception)  any  eympatliy  extended  to 
it  by  other  Christian  people. 

From  these  considerations  of  the  effects  of  Asiatic  civilization  upon 
9pr«wl  of  Africa,  TPC  may  proiKtablv  turn  to  a  bri<;f  statement  of  that  of 

ttwuf'^A^ftc-  ^ii^<*P^  "Pon  the  red  races,  of  America.     Tlits  result  in  thr* 
icBs.  two  continents,  north  and  south,  is,  that  in  the  latter,  out  of 

almost  1,700,000  aborigines,  nearly  1, 600,000  have  embraced  Christian- 
ity, less  than  100,000  remaining  in  tlie  savage  state,  No  such  tavorabln 
impression  has  Ijeen  made  upon  the  aborigines  of  the  nortbem  continent, 
who,  as  is  well  known,  are  steadily  diminifihing  in  numbers,  and  many 
tribes  that  were  once  numerous  have  disappeared.  This  has  takiiii  pkoe 
notwithstanding  the  care  which  has  been  manifested  by  the  governmenl 
of  the  United  Stales  for  all  those  who  arc  within  its  territories.  It  does 
not  appear  that  the  conclusion  whicli  has  been,  drawn  by  some  eminent 
authors  in  view  of  these  facts  can  be  maintained,  that  '*  this  eonsidera- 
tion,  if  we  can  separate  it  from  the  events  of  the  Spanish  conquest,  for 
which  it  is  to  be  hoped  that  the  soldiers,  and  not  the  ministers  of  relig- 
ion, are  responsible,  must  be  allowed  to  reflect  honor  on  the  Roman  Cath- 
olic Church,  and  cast  a  deep  shade  on  the  history  of  Pi'otestantlgtq.*' 

That  this  conclusion  is  incorrect  is  showni  at  once  by  the  very  tabic 
that  arc  relied  on  for  its  support.  Out  of  the  100,000  aboriginea 
South  America  who  remain  heathen,  more  than  66,000,  that  is  to  b»j 
tvfo  thirds,  belong  to  the  Araucaiiian  and  Patagonian  branches,  who 
the  counterparts  for  that  continent  of  tlie  Indians  of  the  United  States 
and  British  American  territories  in  tliia.  Upon  these  it  may  be  tnily 
aaid  that  no  impression  whatever  has  been  made.  Of  the  Patagonian 
branch,  estimated  at  more  than  32,000,  only  100  individuals  are  staled 
to  have  embraced  Christianity,  and  of  the  AraucBnian  branch,  consiating 
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uf34,O0O,  not  one.  It  is  by  bringing  into  these  discussions  the  sijigu- 
[ar  and  wideepreail  error  that  all  the  aboriginal  American  tribes  are 
alike,  and  by  not  making  due  allowance  for  their  habits  of  life,  thoir 
physical  and  mental  endowments,  that  this  mistake  has  arisen ;  but 
whoever  will  consider  the  facts  as  they  actually  stand  must  come  to  the 
conclusion  that  there  are  Just  as  well-marked  diflerenceB  among  these 
people  as  there  are  in  the  climates  and  ciTcumstances  in  fl-hich  tlicy  li^'e. 
Inlelicctually,  there  ia  even  a  greater  ditierence  between  the  Indiun  of 
the  United  States  and  the  Indian  of  Peru  than  there  ia  in  their  physical 
aspect.  The  one  ia  un  inlraelable  savage,  the  otlier  docile  and  easily 
led;  the  one  has  never  yet  been  enslaved,  the  oiher  prospers  and  in- 
creases in  number^  though  he  has  sustained  all  the  coiiseqtieneea  of  the 
atrocitica  of  the  Spanisli  Conquest.  By  chance,  or  perhaps,  as  we  should 
more  truly  aay,  through  Providence,  tlic  tidd  of  Catholic  labor  has  been 
among  the  more  docile  races,  that  of  Protectant  among  the  more  untam- 
able, and  the  result  is  exactly  such  as,  umlcr  those  ciicumstanccs,  the 
philosopher  would  be  led  to  expect, 

I  can  not  here  avoid  recalling  to  the  attention  of  the  reader  what  I  have 
said  respecting  the  comparaliveprogrcssof  Christianity  and  Mohamnicd- 
flnism  in  Alrica,  for  we  find  npon  our  own  continent  a  repetition  of  the 
facta  which  were  presented  to  us  tlicre.  The  chances,  if  such  a  term  can, 
on  this  oecasion,  with  propriety  be  used,  of  tlie  diflVision  of  Christian  civ- 
ilization, are  directly  proportional  to  the  existing  intellectual  development 
of  the  community  among  whom  the  attempt  is  made.  JMohaminedauism 
has  diffused  itself  in  Alrica  for  precisely  the  same  reason  that  Catholi- 
cism has  succeeded  in  America — because  lis  operation  was  commenced 
upon  those  tribes  best  prepared  to  receive  it. 

We  can  not  have  a  more  striking  instance  of  the  effect  of  climate  on 
civilization  than  tliat  which  is  offered  by  the  American  In-  lllu9tjatioD«r 
dians.  As  is  well  known,  though  throughout  all  those  lati-  J.ii*n,'JJ*on''fiv. 
ludes  in  which  life  is  maintained  with  difficulty,  by  reason  UimLton. 
of  their  inclemency,  all  the  tribes,  bolli  of  the  north  and  south  continent, 
were  in  a  barbarous  state,  yet  in  those  inore  pleasant  countries  toward 
the  equator,  in  which,  by  rcaBon  of  the  natural  fertility  of  the  Hotl  and  a 
higher  mean  temperature,  the  inhabitants  had  little  occasion  to  work,  and 
passed  their  lives  in  comparative  plenty  and  ease,  a  special  civilization 
Jiad  arisen.  It  is  of  no  little  interest  to  observe  Itow  the  main  features 
of  Asiatic  and  European  civilization  were  presented  in  this  case,  doubt- 
leas  without  any  communication  wilh  those  continents,  for  it  shows  how 
the  human  mind  is  ever  prone  to  unfold  itself  in  the  same  way,  to  give 
birth  to  the  same  ideas  and  to  tlie  same  inventions.  The  „■  -v  ■  * 
civilized  Americana  of  Mexico  and  Peni  were  organized  in  thotrapiMlln- 
communities  not  unlike  those  with  which  the  wliite  man  ia  *''*''** 
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elsewhere  faTniliar,  living  in  cities  which  were  regulated  by  municipal 

laws  famiUfir  enough  to  us,  maintaining  among  their  social  institutions. 
fixed  ideas  respe.cting  property  and  family  rights,  having  a  nationai  relig- 
ion, an  eataljlishetl  priesthood,  and  the  means  of  recording  events,  which, 
though  imperfect,  *ere  not  unlike  those  which  obtained  in  the  earlier  pe- 
riods of  our  own  civilization.  If  they  had  not  a  knowledge  of  iron  and 
the  plow,  ttiey  had  already  Ikllen  upon  the  early  Asiatic  plan  of  sabju- 
gating  and  doraeeticatLng  such  animals  aa  were  suitable  tor  their  pur- 
poses. Civilisation  arose  among  these  people  in  similar  localities  and 
under  similar  circumstances  of  life  aa  it  had  arisen  among  oar  anccston 
In  the  Old  World,  and,  such  is  the  samenesa  of  constitution  of  the  hutn&n 
mind,  was  advancing  in  exactly  the  same  way. 

Although,  for  a  time,  among  the  degenerate  descendants  of  the  Spau- 
Gniduai  ex-  i*»'d3,  the  South  American  Indian  may  maintain  himself,  but 
(inctioa  of  lb*  WuIq  doubt  can  be  entertained  that  the  same  destiny  awaita 
tempeMie  him  which  haa  befallen  his  North  American  brother.  He 
"■'^'  can  not  withstand  that  enterprise  and  activity  which  are 

leading  to  the  extension  of  the  white  invaders  of  liis  native  soiL  Even 
ibongh  the  age  of  cruelty  to  these  unfortnnatea  has  passed  away,  never 
more  to  return,  and  enlightened  governments,  animated  by  sentiments 
into  which  no  mercenary  consideration  enters,  interest  themselvea  in  their 
welfare,  it  is  not  to  be  supposed  that  nations  depending  on  such  an  arti- 
ticial  support  can  long  continue  to  exist.  lu  this  inevitable  decline,  the 
tropical  races  may  far  more  worthily  excite  our  commiseration  than  those 
of  tlie  higher  latitudes;  nor  is  their  departure  unavenged:  they  leave 
behind  thcra  two  curses,  toljacco  and  syphilis. 

In  conclusion  of  this  partial  examination  of  the  progress  of  the  haman 
ifatiner  of  family  undet  varied  circumstance  a,  we  may  remark  B  repeti- 
n«iwQB^in  cTv-  ^^^^  '^'"  ^  ^*^^  Series  of  changes  to  those  which  have  been 
lUwtlop,  traced  in  the  psychical  career  of  the  individual,  and  this, 

whether  we  consider  the  progress  in  theology,  policy,  piiilosophy,  or  any 
other  respect.  It  is  a  continued  passage  Iroin  the  general  to  the  special 
— from  the  homogeneous  to  the  heterogeneous.  The  history  of  any  of 
the  ancient  nations  might  be  brought  forward  as  an  example.  Emei^ing 
from  the  barbarous  state,  they  shake  off  their  FetichJam,  that  union  of 
the  supernatural  with  the  natural,  which  gives  to  every  wood,  every  tree, 
every  river,  its  presiding  genius ;  to  families,  their  Penates ;  to  the  city, 
and  even  to  the  road,  their  Lares ;  to  stars,  and  to  stories,  and  to  med- 
icines, their  spirits;  to  the  night,  its  apparitions  and  fairies.  Ic  is  in 
vain  that  we  say  these  are  the  subjects  of  African  credulity.  They  are 
found  in  the  origin  of  all  people.  Our  forefathers;  once  cherished  the  il- 
lusions which  still  occupy  the  negro  mind*  The  time  came  when  intel- 
lectual development  outgrew  »uch  base  superstitions,  and  for  a  crowd  of 
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imaginary  inanities  were  substituted  tlie  chosen,  forma  of  Polytheism,  It 
is  true  that,  among  Kgyptians,  Hindoos,  or  Greeks,  there  were  deities 
enough,  but  iim  process  of  spcciahzation  may  be  nevertheless  plainly  dis- 
cerned. The  Feticli  stage,  tlie  Polytheistic  stage,  are  neccaaariiy  in- 
cluded in  the  onward  progress  to  a  pure  metaphyaicaJ  Monotheistic  con- 
ception. In  this  [I  13  to  be  remarked  that  the  Asiatic  races  Thrirreiigioua 
of  men  have  led  the  way,  both  in  the  priority  and  strictness  p«'-'iii>si"n». 
of  their  views.  The  great  statesmen  of  China,  of  India,  of  Arabia,  and 
of  Jndea,  centuries  ago,  seized  upon  this  as  the  pivot  of  their  intellectu- 
al and  even  political  systems.  To  the  last  country,  Europe  itself,  &s 
history  proves,  is  indebted  for  this  noble  idea. 

Eurapean  MonotJieism  is  not  indigenous,  but  imported  from  the  H&- 
brews,  an  Asiatic  race.  The  jjitellectual  condition  of  the  nations  among 
whom  it  was  mtroduced  was  but  little  advanced,  and  hence  among  sonic 
it  came  to  be  degraded — mixed  up  with  tlie  remams  of  popular  and  an- 
Ihiopamorphic  conceptions,  which  otherwise  were  gradually  dying  out. 
For  a  length  of  time  tlie  pagan  creeds  inaintulncd  a  couHict  with  it,  and 
with  difficulty  it  disentangled  itself  from  the  base  Icaturcs  which  they 
endeavored  to  impress  upon  it,  as  wilii  tlie  Hebrews  themselves  of  old, 
the  people  accracd  to  be  reluctant  to  surrender  altogether  their  Polythe- 
istic idea^. 

These  remarks  are  to  be  understood  as  not  applying  to  individualB, 
for  in  every  age  and  nation  great  men  have  arisen,  whose  views  on  these 
and  other  subjects  of  like  vital  Importance  were  far  in  advance  of  their 
times.  In  their  best  days,  both  in  Greece  and  Rome,  there  were  men 
who  had  attained  to  the  standard  here  alluded  to,  but  their  teaching  was 
without  eSect  on  the  popular  mass.  There  was  a  want  of  equivalency 
between  the  individual  attainment  and  the  race  attainment.  Though 
individuala  may  be  progressive,  races  are  essentially  conservative :  and 
hence  there  will  constantly  arise  against  individual  attempts  at  an  ad- 
vance discountenance  and  resistance,  an  opposition  which  in  too  many 
instances  becomes  a  tyranny.  Masses  of  men  are  not  like  inorganic  mass- 
es, which  resist  a  change  by  their  inertia  alone.  The  biography  of  ev- 
ery great  reformer  shows  that  the  popular  mind  resents  any  disturbance 
of  its  repose.  Resistance  has  to  be  overcome  in  the  moving  of  things, 
resentment  is  added  in  the  moving  of  men. 

To  the  plitlanthropist  it  is  a  most  delightful  spectacle  that  the  various 
nations,  in  spite  of  tho  ditferenco  of  their  interests,  their  F.xi«i«'ii'Ci>vrft 
creeds,  and  their  politics,  can  yet  present  certain  great  prin-  'XTwiirci^i*- 
ci})lea  wliich  they  recognize  in  common,  and  tliia  ia  hecom-  rardintcrMd*. 
ing  more  and  more  marked  with  the  onward  advance  of  the  world.  In 
the  course  of  events,  the  special  is  ever  coming  out  of  the  general  and 
the  great  principles  of  a  common  morality  are  gradually  disentanjrling;  and 
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the  Hindoo,  or  the  Tark«  though  they  may  not  coincide  with  the  Asna- 
icari  or  European  as  to  what  is  to  be  looked  upon  its  true,  vrill  yet  agirr 
aa  to  what  is  just.  The  sentiment  of  honor,  the  ideas  of  personal  iattt- 
rity,  sre  fast  becoming  unirersaL 

Yet  even  in  these  later  ages,  there  is  in  this  respect  nothing  neir.  The 
tendency  of  the  human  mind,  whether  individoai  or  collective,  to  the 
direction  ia  conlinti&lly  ma^iifest — a  premarked  and  predestined  ooorsr 
in  which  it  mast  go.  Our  most  refined  notions  of  rectitude  contain  noih- 
ing  raore  than  is  to  he  found  in  the  little  epitome  of  the  ancient  lawgiv-  _ 
er;  for  if  we  strike  from  the  ten  cominandmenta  whatever  ia  explanatorr  | 
or  threatening,  retaining  the  mandatory  parts  alone,  there  remains  what 
eommcnds  ilaelf  to  the  onderalanding  of  tlie  intelligent  men  even  of  thr 
most  diverse  nations — the  acknowledgment  of  the  nnity  of  God,  the  tcB' 
eration  due  to  him,  tlie  expediency  of  a  day  of  rest  for  the  laborer,  tlie 
duty  of  filial  afTectiont  the  enormity  of  murder,  the  sin  of  adultery,  the 
crime  of  stealing,  tlic  shame  of  lying,  and  a  strict  regard  for  tlie  propertv- 
of  another:  these  arc  things  which  ejeact  for  themselves  a  epontaneotis 
and  universal  assent. 


CHAPTER  Vm. 

SOCIAL   MECHAKIC8. 

Onnparaiivf  Sof^Uitoify. — Comfction  of  Slru^'ire  ai\<i IJal'il. —  Chnnectidf  o^JJittory  tnttt  i 

ivfiH/ff.  —  lanfrt  SorifJy. — Dfttcnrtfu'K  iJaririne  thisi   lasn^Ca  art  ^■ivneFTa.— -JV'imejn^  nf  » 

Mrrhnuisiii  of  Hftjintrit  J'of  fntliiicl,  Rfiimn,  and  Cii'iiualioti. 
!\'iilurf  of  ifim. — IiiJIiKncc  t]f  titrrimitiliarj  Circuiiislancrs  on  hint., — [)tjinilerie»»  of  fiia  Cbrtfe. 
GssiiRAL  Facts  or  European  HigTonv. — JnlroJtu-lian  ofEff^pfian  dciii^tiitn  tnfp  £*mpt. — 

IJ/r  Ilrffittiy  ttf  Faiig  hi)  Writing. — Eijifittiaa  J'iilaso/j/iy  in  (Ar  Hrrtt  Sc^ooU. —  J^e  /VnMM 

Empire:  lis  liijlatncf. — Analffticaf  ilnalit^  o/'t^£urepeaiiJUind.~—I']/bioict  t^  tim   Crmd' 

SfliooU  on  iHodrrp  I'/iilonn/iAif, 
Ori/pti  t>f  Kurii/Kita  Oirmiuvife. — i^jtcarertf  of  the  Slraitnif  Gibfoltar. — Maceihaiam  Gm^a^. 

^-Ihrnmiruriuin  i>f  MtmiirrJift  I'ji  Eiftfpt. 
Thf  ItuKinn  Kin/tire:  lit  ttHlraiiHny  and  rivitiiin^  Piiu-er, — Fnll  of  Enrvpecm  Poffainmm.-^lm- 

Jlstiirie  -ifihr  ilJiritiian  Cfturdi. —  The  Sutbaik  Daif. — The  Fttformation. 
Jnjtiiriut  Jif  MiJiivaiin-rlmihrn  on  Eurnjit..~~The  Ar<ih  pJtysknt  .'icieim. —  77ie  fVucud^ — O^ 

anviy  ri/,1mi-n'ryi  Ijy  thf  Spat!ar<h. — Faltn/thti  Spaniik  Power. 
Ijatfr  Mrnlaf  (Vitiitges  in  K'lrojir. — iA.tojiji^ifranre  of  Cfdu/ilj/r — Phgrnluipivf  Ctumpe  ^ E»- 

mjitan^. — Efftct  iij'  Mohaminndaaisiu  ui  cfianffiiig  tht  CcHtrt  uf  JiilvflKt  ofEitrvp^ — itwAl 

iixif  1)aulatty  of  tht  Etiro/ieaa  Miad. — Advaataytt  retidtiay  thej-r/wn. 

Ha  VINO  described  man  ns  an  individual,  we  have  nest  to  consider  him 


Dependflncy  of 


in  his  social  relations :  for  ao  cloaelv  are  his  actions  connecl- 


wciftl  cinwron  c(l  witi]  his  organization,  that  it  may  be  said  lliat  universal 
history  ia  only  a  chnpter  of  jihy^iolog^'.    It  is  acknowledged. 
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even  by  lliose  who  hare  given  but  a  saperficial  attention  to  the  subject, 
that  there  is  a  connection  between  corporeal  development  and  historical 
career;  that  those  races  who  have  led  the  way  in  the  course  of  civiliza- 
tion, and  those  who  still  remain  in  the  savage  state,  are  characterized  bj- 
striking  anatomical  pEcuiiaritics,  particularly  in  the  size  and  dcvdopnient 
of  their  cerebral  heniisphcrea.  Such  general  conclusions  arc  strengthened 
by  our  obscfvaliohs  on  the  aniraal  series,  the  lower  inembors  of  which 
offer  together  a  sameness  of  structure  and  an  identity  in  tlicir  course  oi 
life.  la  those  the  metamorpiioses  of  which  have  been  atad-  -  ^  ^ 
led,  it  is  always  noticed  that  every  change  of  structure  is  at  hoMi  in  ih* 
oncefollowedby  achangeof  hab!l,yet,  diiringlhecontinnancc  '"*'^°  '"**  *' 
of  a  given  condition,  their  maraier  of  life  is  without  any  variation.  This 
actions  of  one  insect  are  for  the  most  part  the  actions  of  another  of  the 
same  kind  and  in  the  same  state,  whether  larva,  pupa,  or  imago.  But 
in  the  midst  of  alt  this  automatism  there  are,  however,  the  glimmerings 
of  a  free  wiU.  The  animal  world  preeenla  forcible  illustratioiia  on  everj" 
hand  on  the  connection  of  structure  and  habit. 

Philosophical  views  of  human  sociology  are  only  to  be  attained  by 
treating  that  great  problem  in  the  same  manner  that  we  iiave  Comporaiivu 
learned  to  treat  so  many  others  in  physiology.  Wc  must  in-  »"*"'u'''S/- 
elude  in  our  discussion  all  other  animal  races,  and  not  close  our  eyes  to 
the  fact  that  there  ia  such  a  thing  as  comparative  sociology.  We  ob- 
ser\'e  the  republican  propensities  of  the  nut,  the  monarchical  life  of  bees, 
the  solilarj'  habit  of  other  tribes.  Is  it  nol,  at  least  in  part,  because  of 
cerebral  peculiarities  that  one  kind  of  bird  is  polygamous,  aud  another 
observes  an  annnal  or  perpetual  monogamy  ;  that  the  ImfFalo  delights  in 
the  society  of  his  kind,  but  the  Hon  will  tolerate  no  neighbor  j  that  the 
horse  runs  in  herds,  and  adopts  an  organized  system,  submitting  to  a  cap- 
tain wliose  motions  he  follows  ?  We  can  not  suppose  that  these  habits 
ate  the  sole  result  of  a  present  and  immediately  active  cxtemal  inlluenw 
which  calls  them  forth  ;  an  internal  iiiHuencc  is  also  at  work,  an  intemaJ 
influence  dependent  on  organization. 

A  discussion  of  the  problem  of  human  sociology  could,  therefore,  only 
be  completed  after  a  study  of  the  same  problem  in  the  entire  animal  ae- 
riea-^a  task  requiring  varied  and  profound  knowledge  of  natural  liis- 
tory  and  comparative  anatomy.  Indeed,  the  present  state  of  these  sci- 
ences does  not  enable  us  to  accomplish  it.  The  remarks  I  am  about  to 
make  are,  therefore,  of  a  verj*  imperfect  kind.  The  social  problems  pre- 
sented to  us  by  Animals  are  a  titling  introduction  to  the  social  proUeuifi 
of  man. 

For  the  clearer  underslanding  of  what  follows,  it  may  ni»i3nft3on  be- 
therefore  be  observed  that  we  may  receive  the  term  instinct  iween  inAtlDct 
as  indicating  a  faculty  incapable  of  iniprovcmcnt,  and  possess-  "^   "««>''■ 
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ed  by  each  individual  exhibiting  it  spontanGouely-,  without  experieiK« 
or  imitatioo.  The  Boggestionjs  of  instinct  arc  often  instantaneous  and 
alw&ya  unvarying;  tliose  of  reason  involve  deliberation,  and  into  tLen 
the  element  of  time  enters.  They  also  involve  eiror.  Animals  whirii, 
for  a  tbouaand  years,  nay^  indeed,  through  all  time,  liave  never  invented, 
never  improved,  never  varied,  all  of  the  eame  kind  being  equally  skill- 
ful^ are  to  be  considered  aa  actuated  by  instinct,  not  by  reason.  Tliow 
of  which  it  may  be  said  that  they  perceive,  retnembcrT  think,  compaic, 
and  then  fonn  a  judgment,  are  to  be  considered  as  possessing  reasoti,  and 
this  the  more  aa  they  the  more  perfectly  accomplish  that  end.  Id  tlus 
respect,  man  is  approached  by  the  quadrutunna,  the  elephant,  the  dog, 
but  the  iiTiniense  interval  which  acparatcB  him  from  thijni  is  at  onoe  in- 
dicated by  the  fact  that  they  appreciate  only  good  and  evil,  so  far  as  in- 
volved in  pleasure  and  pain  ;  but  he  contemphitea  equally  the  good,  the 
beautiful,  and  the  true. 

The  historian  may  perhaps  view  with  resentment  an  attempt  on  the 
Co  e-ti  of  1^^*^  ***"  pl'ysiologiets  to  accomplish  the  annexation  of  ihe  !«- 
Uiitory  •^'1  ritory  in  which  he  labors*  Witli  difficulty  will  lie  he  brought 
''  ^'"''  ^'  to  admit  the  dogma  that  the  history  of  men  and  of  itatiaiis 
IS  only  a  chapter  of  physiology.  He  doubtless  will  smile  at  the  abanrf- 
ities  of  a  doctrine  which  places  under  a  common  point  of  view  the  doinrs 
of  eaterpillara,  ants,  and  wasps,  with  the  high  resolves  of  senates  and 
emperors — which  undertakes  to  consider  how,  out  of  the  most  obscnre* 
the  most  august  may  proceed. 

But  Et  ift  none  the  less  trae  that  there  exists  a  comparative  sociologj, 
a»  Well  as  a  comparative  anatomy  and  a  comparative  physiology.    & 
tore,  function,  and  career  are  all  inseparably  connected. 

When  we  were  considering,  in  a  former  chapter,  the  nervous  me 
ism  of  insects,  we  saw  bow  that,  from  the  purely  automatic,  the  vol 
tary  is  gradually  produced  by  the  development  on  the  ventral  cord  of  an 
apparatus  for  the  registry  of  impressions,  the  cephalic  ganglia.      Tb»e 
registered  impressions  arc  the  cause  of  the  most  surprising  psychical  »-  ^ 
aults.  ■ 

The  action  of  bartarian  communities  ia  as  purely  antomatic  as  the  ac- 
niirbari*m  una  ^^^^  ^^  *"  inscct,  wliich  never  had,  or  from  which  there  have 
t!ivUi«aUon.  been  removed,  the  regislertng  ganglia.  Irritate  the  decap- 
itated wasp,  it  will  sling.  The  uninjured  wasp  has  a  choice  of  action; 
it  may  possibly  fly  away.  The  action  of  civilized  communities  is  of  a 
far  higher  kind :  they  arc  guided  in  what  ihey  do  by  esperlence.  In  tlie 
progress  of  civilization  there  have  arisen  the  means  of  permanently  re- 
cording past  events.  Such  records  influence  us  in  deciding  ho»v  wc  shall 
act.     They  constitute  ktiowkdge. 

If  we  ntay  compare  small  things  with  great,  is  there  not  an  analogr 
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between  the  manner  in  which  tlie  registering  mechanism  of  AnaJngy  u-- 
an  insect  or  other  animal  is  evolved,  and  tlio  manner  in  ^*f^"  imiiTiii- 
Which  the  means  oi  perpetuating  and  disseminating  a  fciiowl-  mGnnuiUBoci.!! 
edge  of  events  has  arisen  in  Iiaman  society?  The  one,  it  ia  '"'""'■ 
true,  appertains  to  Lndividufll  life ;  but  ia  there  any  fact  more  clearly 
made  manifest  by  physiology  than  that  of  the  pnrallelism  of  race  life  and 
individual  life,  no  matter  how  lowly  that  individnal  life  may  bef 

An  insect  presents  us  with  surprising  actions,  because  it  possfiBses 
witliin  itself  the  means  of  registering  the  events  which  occiir  in  its  little 
circle.  Nations  act  wisely  and  well,  according  aa  they  are  guided  by 
their  store  of  experience. 

If  onr  pride  can  be  so  far  overcome  as  to  adnnit  that  in  the  history  of 
the  life,  even  of  an  insect,  tlie  ^irogress  of  mankind  is  shado'wcd  forth* 
that  is  to  say,  universal  history  is  seen  in  n  microscopic  manner,  it  will 
not  be  too  much  to  hope  that  we  ehal!  then  entertain  yjhy&iftal  or  im^chan- 
ical  ideas  of  tlie  social  career,  that  society  advances  in  a  definite  way,  has 
its  laws  of  equilibrium  and  movement,  its  centre  of  intelligence,  its  centre 
of  power,  in  short  its  atatica  and  dynamics. 

Though  it  is  only  one  out  of  many  instances  that  might  "be  presented, 
let  us  briefly  consider  social  life  in  the  inferior  tribe  to  whicli  reference 
has  been  made ;  let  ua  also  look  at  some  of  the  individual  peculiarities 
of  insects.  Our  sentiments  of  exclusiveness  and  pride  may  be  corrected 
thereby. 

Insects  form  eocietiea  for  mutual  assistance,  defense,  invasion,  emigra- 
tion, mere  pleasure — societies  wliich  undoubtedly  arise  in  , 
Ihc  experience  of  passions,  such  aa  love  and  rear.  Oi  these 
the  duration  ia  variable ;  some  last  thi-ongh  tltc  larv^a  state  only,  some  arc 
confined  to  the  imago,  some  are  maintained  through  life*  The  organiza- 
tion hy  wliirh  their  object  is  aecomplished  is  various,  monarchical,  re- 
publican. The  caterpillars  of  the  processionary  moths  are  guided  in 
their  march  by  a  leader;  tlie  termites  obey  at  once  a  king  and  a  qnecn. 
The  lust  of  jwwer  is  not  alone  felt  among  human  nionarchs:  the  queen 
bee  never  rests  till  she  has  assassinated  her  rival.  AW  insects  of  the 
same  kind  are  not  bom  equal,  nor  do  all  pursue  the  same  occupation: 
sonic  follow  a  life  of  leisure,  some  devote  themgelrcs  to  the  profession  of 
arms,  some  are  laborers.  When  the  metropolis  of  the  termites  ia  attack- 
ed, tlie  laborers,  as  non-combatants,  retire,  but  the  soldiers  come  out. 
The  ants,  with  which  we  are  more  familiar,  engage  in  military  and  filli- 
bustering  expeditions :  tlicy  make  rectmnoisyjinces,  set  sentinels,  march  in 
a  definite  order,  the  van  altomalelj  falling  to  the  rear;  their  lines  of  com- 
munication are  maintained,  and,  if  necessary,  swift  couriers  are  dispatcli- 
ed  for  re-enforcements.  If  successful,  they  not  only  carry  off  tlie  ene- 
mies' storesr  htit  redixce  the  vanquislied  to  actual  servitude,  compelling 
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them  to  work  as  slaves.  They  have  notions  of  property,  and,  tliongii 
aome  of  ihem  practice  cannibalism,  they  will  amuse  themselves  in  mote 
pleasant  occupations,  tumbling  and  pUjing  together  hte  kittens  or  pap- 
HnWu  of  P'*^s-  With  a  sentiment  of  strict  justice,  the  wasp  who  baa  re- 
laMcu.  turned  from  a  successful  foray  divides  his  booty  among  the 
males,  femaks,  and  Ibe  laborers  who  have  been  working  in  the  vespiary: 
nor  is  tlie  sentinel,  wbo  is  doing  duty  at  the  door,  forgotten.  If,  tlirougb 
the  chances  of  war  or  by  accident,  any  one  has  sustained  a  grave  injury, 
in  some  tribes  the  most  devoted  sympathy  is  shown :  the  ant  Trill  cany 
Uis  wounded  friend  out  of  the  hot  of  the  hght;  in  otUer  tribes  a  moit 
than  Roman  tirmness  is  displayed;  the  sufferer  is  put  out  of  pain  by  Itia 
companion.  Expecting  an  attack,  some  insects  will  shut  their  duors  at 
niglit,  and  barricade  them  williin,  or,  if  the  danger  is  continual,  will  build 
masked  gateways  in  succession,  with  interior  walls  tliat  command  them. 
They  are  no  contenjptible  engineers.  They  can  eonstruct  and  niaintaiD 
roads  of  great  length,  wil]i  paths  brandling  from  them,  which,  if  necea- 
sary,  they  keep  mqirn.  They  croas  streams  by  throwing  tLemselrej 
into  floating  bridges,  and  the  damage  done  to  their  premises  bj  an  in- 
vader they  show  the  most  singular  skill  and  alacrity  in  repairing-  How 
many  are  the  contrivances  to  which  uisecta  resort  to  carry  out  their  par- 
poses  !  The  caterpillar  of  the  cabbage  bnttertly  makes  a  ladder  and  goes 
up  it;  the  geometrical  caterpillar  tela  down  a  rope,  and,  for  fear  of  hurt- 
ing himself,  drops  a  foot  at  a  time*  The  gossamer  spider  sends  forth  n 
thread  fine  enough  to  act  like  a  balloon,  and,  floating  in  the  air,  be  de- 
scends or  rises  by  winding  it  up  or  letting  it  out.  There  are  other  in- 
sects which  tnakc  diving-bells,  and  go  under  the  water,  No  bird  makes 
a  net,  no  beast  a  pitfall;  men  and  insects  do  botL  A  gang  of  sailor? 
will  carry  a  spar  by  supporting  it  on  alternate  sides  on  their  shoulders: 
a  gang  of  ants  will,  in  like  manner,  carry  a.  straw  or  a  long  worm.  Thcrt 
are  spiders  wliich  show  as  n:ucli  dexterity  as  an  Indian  in  sneaking  fcf- 
ward  to  get  in  reach  of  their  prey. 

In  their  domestic  economy,  how  wonderful !  Some  build  their  honnfg 
of  artificial  stgnc,  some  of  pasteboard  which  they  make.  Some  coTer 
ihcir  rooms  with  tapestr}',  some  lay  carpets  of  silk  on  the  l^oor,  aonw 
hang  their  doors  on  silk  lunges,  so  that  they  shut  by  their  own  weight 
Tliey  make  archesj  domes,  colonnades,  etair-caaos.  They  practice  coih 
cealment  of  food.  Ray.  an  accurate  observer  and  a  very  pious  man,  says 
of  a  sand-wasp  that  it  carried  a  catcrpillaT  fifteen  feet,  removed  a  pellet 
that  closed  the  mouth  of  a  hole,  deposited  its  booty  therein,  c^me  oat, 
and  rolled  the  pellet  back  on  tjie  hole,  scratched  duat  thereon  like  a  dog, 
went  for  rosin  to  agglutinate  it,  leveled  the  ground,  and  put  two  pine 
leaves  to  mark  the  place.  However  much  we  may  smile  at  this  anec- 
dote, it  may  satisfy  us  of  the  high  opinion  entertained  of  the  acoom- 
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pliahments  of  insects  by  those  who  have  been  close  obacrvers  of  their 
habit  a. 

Dr.  Laycock  remarks^  when  speaking  ol'the  cephalic  ganglia  of  insects 
(Med.  Chir.  Rev.,  July,  1853):  "On  what  structures  dc-  lnitinrtB  ofin- 
pend,  if  not  on  these  cephalic  ganglia,  all  those  wonderful  *helt  oXuiic" 
instincts  which  mimic  in  their  o|Jcralion  the  arts  of  man?  £».ni;Ua. 
There  is  hardly  a  mechanical  pursuit  in  which  itisectn  do  not  excel.  Tliey 
are  excellent  weavers,  Iiouse-buildeTs,  architects.  Tlicy  make  diving- 
bells,  bote  galleries,  miae  vaults,  construct  bridges.  Tliey  liric  their 
houses  with  tspeatry,  ch'an  them,  ventilate  them,  and  close  them  with 
admirably -li tied  swing-doors.  They  build  and  store  warehouses,  con- 
struct traps  in  the  greatest  variely,  hunt  skillfully,  rob,  and  plunder. 
They  poison,  sabre,  and  stab  tiieir  enemies.  They  have  social  lawa,  a 
common  language,  divisions  of  labor,  and  grndationa  of  rank.  They 
maintain  armies,  go  to  war,  send  out  scouts,  appoint  sentinels,  carry  off 
prisoners,  keep  slaves,  and  tend  domestic  animals.  In  short,  they  are 
mentally  a  minialiire  copy  of  man." 

The  surprising  character  of  some  of  these  fdcts  might  disappear  were 
WQ  acquainted  with  what  may  be  termed  the  spring  of  the  action.  It 
fias  been  said  by  Dr.  AVhateley  that  the  building  of  a  comb  is  like  the 
provisioning  of  a  city,  in  which,  through  the  desire  of  the  dealers  to  get 
wealth,  is  solved  what  is  probably  the  most  intricate  of  soctal  problems. 
It  is  done  by  no  design  of  tiieira,  and  yet  they  advance  to  it  as  if  im- 
pelled by  gravitation  or  mme  other  insuperable  Ibrcc.  A  printer  may 
put  types  together  to  get  money  without  ever  troubling  himself  about 
the  diftuajon  of  knowledge.  A  bee  may  find  gratification  in  what  he  is 
doing  without  any  concern  about  the  final  use  of  the  comb. 
Of  the  cephalic  ganglia  spoken  of  in  the  preceding  paragraphs,  J^ff, 
Fi-j.  W!s.  295  is  an  illustration  from  Mr.  Newport,  in  the  case  of 

the  imago  of  the  Sphinx  ligustri ;  a,  cephalic  ganglia ;  5, 
6,  eyes;  r,  anterior  median  ganglia;  rf,  (?,  posterior  lat- 
eral ganglia  of  the  storaato-gastric  system;  ^^tsou, *ftuaa 
i,J\  large  ganglionic  masses  in  the  thora.\,  «*■'»*":«. 
giving  nerves  to  the  legs  and  wings.     It  is       />y,  sos. 
to  be  understood  that  upon  these  ganglia 
the  voluntary  action  of  insects   depends. 
They  are  the  places  of  reception  of  the  im- 
pressions on  the  organs  of  special  sense  and 
the  seat  of  memory.     The  automatic  or  in- 
voluntary flpparatua  is  in  part  seen  at  J^Jrj,  296,  which  i«  the 
thoracic  portion  of  the  nervous  system  of  the  pupa  of  the  same 
insect ;  rt,  J,  c,  three  ganglia  of  the  ventral  cord ;  d,  d,  their  „ 
connectmg  trunks;  e,  e.,  respiratory  ganglia.      The  entire   •>( rasxax <»,ia. 
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n«Yon«  mechanism  for  the  larva  state  has  hcen  shown  in  J^i^,  126;  for 
llic  jmpa,  127 ;  for  the  imago,  128 ;  from  which  it  will  be  recogoised 
tltat  the  oetToos  sj'&tem  of  insects,  as  the7  pass  throagh  then-  metAino*- 
CbugM  in  ih.^  phoses,  uDcIeTgoee  change.  la  the  lana  state,  tlie  nerres,  w 
ii«rr(.a»(ytttm  jtjey  branch  forth  from  the  Tcntral  cord,  iodiicate  by  their  oni- 

daring  Invecl        nV,,  i-pi  pii-. 

jiwtMnorph.j-  lomiJty  tixe  equality  ot  tiie  segments  of  the  boajr.  In  nuAT 
•*^  cases  the  cord  is  separated  throughont  ita  whole  lertgtb  into 

its  two  constituent  strands,  and  the  cephalic  ganglia  are  mLnate  becauM 
of  the  imperJwt  condition  of  the  organs  of  sense.  In  the  pup&  Btatr 
there  is  a  general  approach  of  tbe  ventral  ganglia,  an  increase  of  the 
cephahc,  and  a  thickening  of  the  strands  which  connect  that  or^^  witfc 
the  HulHTsophageal.  In  the  Imago  stale  the  ccpiialie  ganglia  have  still 
farther  increased  to  a  size  which  corresponds  to  the  ^reat  development 
of  the  organs  of  sense ;  tlie  ventral  ganglia  appear  to  have  coalesced  ie 
the  thorax.  The  general  reenlt  of  these  changes  during  rnetaoaotpbcw 
is  therefore  to  effect  a  concentration  of  tlie  nervous  centres  in  tlie  hearl 
and  in  the  thorax,  the  ganglia  of  special  sensation  coatescing'  in  thn  for- 
mer, and  those  of  motion  in  the  latter  region.  We  may  remark  that 
these  modlHcations  strikingly  illustrate  tltc  ohservation  that  change  in 
habits  of  life  is  always  attended  hy  change  of  the  nervous  system. 

Besides  hcing  Jite;  repository  of  the  impressions  of  the  special  sense*. 
Smi  of  1..P.H.    f'lo  cephalic  ganglia  discharge  n  function  of  a  more  g;eD«nl 
orj'  in  iiiwtts.  j^d  itiost  jm|>ortant  kind,  since  doubtless  they  are  the  seat  of 
memory.     That  insects  of  the  more  elevated  kind  have  the  power  of 
recollection  there  can  not  he  any  doubt.     If  there  were  no  other  fact 
their  recognition  of  tlicir  homes  would  be  suffiiiient  to  establish  this,     k 
thoiittand  trivial  incidents  oifer  indirect,  but  instructive  and  interastiiw 
proofs  of  the  same  thing.     When  a  spider  who  has  been  disturbed  l^'gns 
death  in  order  to  avoid  tfie  cause  of  his  alarm,  he  proves  hig  capacity  of 
recollection,  as  also  when  lie  has  been  brought  out  from  bis  concealment 
by  touching  his  weK  and,  discovering  the  unture  of  the  imposition  that 
has  been  practiced  U|wn  him,  refuses  to  come  forth  upon  a  repetition  of 
the  trial.     The  power  which  the  ccplLalic  ganglia  thus  possess  of  bear^ 
ing  H|M)n  thcmaelvea  the  enduring  traces  of  impressions  received  through 
the  sensory  organs  scarcely  ret^uires  here  to  be  more  particidarly  exam- 
ined.    In  the  preceding  book,  in  the  chapter  on  inverse  vision»  variou" 
facts  have  been  mentioned  wlildi  illustrate  the  facidty  posafessed  by  iJjc 
Optic  ccutfcs  in  man  of  retaining  visual  impressions  for  a  considerable 
period  of  time;  as,  for  instance,  if,  when  we  awake  in  the  morning,  our 
eyes  arc  dinjefcd  to  the  bright  window  and  tlieii  closed,  a  representation 
thereof  will  still  continue  to  be  seen  in  its  natural  colore  and  relattona,* 
reprraenJalion  which  gradually  fades  away;  and,  in  like  manner,  th* 
cephalic  ganglia  re^atcr  the  impressions  they  receive  from  tbe  optie. 
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the  auditory,  oliactivc,  and  other  nerves  that  pass  to  them,  ^^  ceplulio 
and  presen-e  the  vestiges  thereof;  tbr,  if  this  be  not  the  caaej  gungiia  aro 
it  is  whoUj  impossible  to  explain  how  inaccta  should  have  the  '*s«'«»»- 
power  uf  rejnijmljcriiig,  even  though  it  be  indistinctly  or  ira perfectly', 
things  that  are  past ;  those  things  or  effects  must  have  left  upon  them 
an  enduring-  mark. 

The  ganglia  of  the  ventral  cord,  ^vith  their  related  nerve  trunks,  con- 
atitutc  a  scries  of  automatic  nerve  arcs,  their  iraiQediatc  ob-  ,  .  ,  ,  _ 
jct-t  being  locomotion.  Aa  has  been  said,  the  impression  of  v^niro.!  cord 
the  surface  upon  which  the  insect  rests  gives  rise,  under  oi^  *  °°°' 
dinary  circimistances,  to  muscular  contraction,  and  thereby  motion,  and 
the  same  thing  occurs  under  circvimstanccs  of  unnsual  experimental  dis- 
turbance, as  when  irritation  of  any  kind — for  instance,  the  pungent  va- 
por of  ammonia — is  applied  to  one  side  of  a  centipede,  tlie  body  ia  flex- 
ed in  such  a"  way  as  to  get  rid,  as  far  as  possibleT  of  the  noxious  fume. 
These  movements  are  purely  reflex,  and  in  their  production  the  cephalic 
ganglia  are  in  no  manner  concerned. 

Guiding  and  contrcdling  these  purely  reflex  operations,  the  cephalic 
ganglia,  by  means  of  the  iibrea  which  they  send  in  company  Conirolliiig 
with  the  trunks  of  tUc  ventral  cord,  can  exert  their  influence  ""''""i/''' ^i"- 
iu  the  remotest  part  of  the  body.     That  Influence  w&  dlstln-  gii*. 
guish  as  being  of  a  twofold  nature:  in  part  It  ia  due  to  impresaiona 
which  are  being  at  that  moment  received  through  the  various  organs  of 
senae — the  eye,  the  ear,  or  whatever  other  sucli  organ  the  insect  under 
eonalderation  may  ])0a8eBa,  and  in  part  arising  from  the  residues  of  old 
impressions  which  the  ganglion  has  formerly  received.     It  does  not 
therefore  seem  possible,  at  least  as  regards  tlie  more  perfeet  of  these 
tribes,  to  accept  the  views  of  Descartes,  who  regarded  all  insects  as  mere 
automata.     They  are  automata  only  so  far  as  the  action  of  nrscarLFs's 
their  ventral  cord  and  that  portion  of  their  cephalic  ganglia  f"'""^''  "^^ 
which  deals  with  contemporaneoua  impressions  is  eorH;emed,  lomnta. 
but  they  are  not  automata,  since  tliey  are  under  the  influence  of  thoac 
gangiiiL  as  the  registers  of  past  impressions.  ' 

What  has  been  said  respecting  insects  applies  to  all  higher  tribes  of 
lil'e.  Man  himself  is  no  exception.  In  the  preceding  book  we  have  ahown 
iLat,  so  far  as  liis  spinal  nervous  system  is  concerned*  he  ia  simply  an 
automaton,  and  that  it  is  tlie  development  of  a  brain  tliereupon  which 
makes  him  capable  of  voluntary  action.  We  have  seen  that  in  lits  indi- 
vidual progress  part  is  evolved  from  part,  an  ever- increasing  compIexit\* 
and  an  ever-continuing  improvement. 

It  is  the  samci  also,  with  the  group  to  which  he  belongs —  aoUin  in  unj- 
the  vertebrates.     Just  in  projwrtion  to  the  advance  of  their  =""1^  "•""«»*'' 


cerebral  meclianiem  are  their  psychical  powers. 
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cms,  wliich  haa  no  ceretral  hemispheres,  represents  the  condition 
when  the  action  of  his  brain  is  suspended  in  sleep;  the  fish,  the  reptik. 
ihe  bird,  follow  in  an  ascending  order — an  ord<?r  which  man  himself  puwi 
liirough  in  lits  individual  progresa  of  development. 

And  man  in  the  aggregate — in  society — in  the  race — docs  the  sarue,]))* 
!  Isrorical  ean?er  being  a  transcript  of  his  individual  career.  GetiOfttion 
after  generation  leada  a  purely  automatic  life,  the  life  of  barharism;  but. 
by  degrees,  there  is  evolved  in  snch  conditions  the  means  of  registry  or 
vvriiinii  i*  ihe  record.  The  acts  and  thouglita  of  one  age  can  then  he  trans- 
iiLiian<ii>f  record  mittetl  to  another,  and  can  influence  its  acts  and  thoughts. 
vrw  ety.  Civilization  can  not  exist  without  writing,  or  the  means  of 
record  in,  aorae  shape. 

Writing  once  invented,  the  advance  in  sociely  is  again  prcci^Iy  as  it 
is  in  the  individual.  In  part  it  is  regulated  by  the  pliysicaj  dream- 
stances  around,  in  part  by  the  interior — the  acquired  principle. 

In  the  auperiicial  skctcli  which  I  intend  now  to  give  of  the  prxK^ress 
of  European  civilization,  tliere  are  certain  facts  which,  from  their  proini- 
nence,  can  not  fail  to  arrest  our  attention.     They  are, 

1.  Europe  remained  in  tlic  barbarous  elate  until  it  obtained  the  meaiiF 

■  ;<!npnLir«cii  of  perpetuating  ideas,  that  is  to  aay,  until  it  learned  the 

■  T  FuropflBii    writing, 

^'  2.  The  progTRss  of  civilization  in  Europe  was  attended 

■in  absolute  physiological  change  in  its  iidiabitants.  They  were  brouebt 
nearer  to  the  condition  of  the  inhabitants  of  a  more  temperate  climfttb 
On  this  pointy  however,  we  have  dwelt  to  a  sufficient  extent  in  the  pre- 
ceding chapter. 

3.  The  European  mind  ia  analytic,  that  of  Asia  is  synthetic  In  En- 
rope,  the  action  in  philosophy,  in  religion,  in  politics,  tends  to  the  ince*- 
.'ant  decomposition  of  a  thing  into  ita  parts,  and  their  separate  'discm* 
rtion.  The  results  of  this  tendency  are  seen  in  many  of  the  practical  socia] 
difficulties  of  modern  times, 

JJefore  entering  on  this,  the  conclusion  of  his  work,  the  author  mat 
recall  by  a  few  passing  remarks  the  general  views  which  have  been  in- 
c;identalty  Bcatlercd  through  preceding  pages  reapecling  the  natiire  of 
man,  the  influence  of  surrounding  circnmstancca  over  him,  hia  social  poei- 
lIoHf  the  dclimteness  of  his  career,  a  clefiniteneaa  which  authoiizeB  us  to 
treat  his  history,  not  as  though  it  were  composed  of  chance  events,  bof 
ii3  a  fitting  subject  tor  the  contemplation  of  physiology. 

Man  is  every  where  constructed  upon  the  same  essential  tjrpe,  and 
hence,  in  one  sense,  he  acts  in  an  invariable  manner,  but  that  type  pasacc 
forward  in  development  to  many  different  aspects,  and  hence,  in  anolhw 
sense,  lie  cxhihilH  differences  in  liia  determinations  and  movements. 

With  the  form  and  stze  of  the  brain,  the  intellectual  capacity  of  man 
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Taries-  In  a  state  of  nature,  his  mental  powers  are  in  close  relation  with 
the  climate  in  which  lie  lives,  attaining  their  greatest  perfection  in  the 
warmer  portion  o(  the  temperate  zone;  but  under  the  arCilicitil  condition 
orcivilizationt  in  which  the  vici&siludes  of  the  seasons  arc  compensated 
lor  by  food,  fire,  Eheltor,  and  clothing,  properly  adjusted,  he  gains  hia 
maximum  development  in  a  somewhat  higher  latitude. 

After  what  has  been  said  in  the  last  chapter  respecting  the  influence 
of  physical  circumstances  on  the  structure  of  nmn,  producing  modified 
development  in  our  typical  form,  and  thereby  giving  rise  to  many  die- 
tinct  families,  it  will  be  anticipated  that  those  circumstances  moat  con- 
sequently modity  our  mental  operations,  our  manner  of  thinking  and  act- 
ing, that  ia  to  say,  must  leave  their  marks  on  our  history  as  nations. 
For  a  long  time  this  has  been  recognized  in  a  general  manner;  the  mount- 
aineer thinks  differently  and  acta  difTereiitly  to  the  native  of  the  low- 
lands ;  he  whose  life  13  spent  oa  the  borders  of  the  sea  to  him  who  livee 
ui  the  great  plains  in  the  interior  of  contin«itB.  But  it  is  not  to  these 
infliienccs  as  operating  by  association  on  the  individaal  that  I  now  refer ; 
it  is  rather  to  the  profound  effect  they  have  had  in  producing  a  special 
cerebral,  and,  therefore,  mental  organization  in  the  course  of  many  gen- 
ctationa  on  races  and  nations. 

Let  U3  always  remember  that  there  is  a  commgin  principle  whifih  un- 
derlies the  varied  movements  and  determinations  of  men  every  where — a 
principle  fix)m  which  no  one  can  diseiiicingle  himself.  At  the  bottom  of 
even  the  most  diverse  actions  it  may  be  discerned,  just  as  we  can  detect 
ihe  fundamental  type  of  oiu:  organization  imder  the  most  varied  forms. 

As  from  the  physical  point  of  view  there  is  a  standard  man  who,  in 
weight,  height,  strength,  and  other  such  like  partictJars,  rep- 
resents  the  entire  human  family^  so,  in  an  intellectual  point 
of  view,  there  ia  a  standard  man  who,  in  mental  progress,  manner  of 
thinking  and  of  acting,  represents  tlic  whole  race.  There  are  also  sub- 
ordinate standards,  the  representative  a  of  particular  groupa  or  nations. 
It  is  to  these  standards  ihut  we  are  conlinnally  appealing  in  an-iving  at 
a  judgment  of  the  acts  of  individuals.  The  special  history  of  these 
phases  constitutes,  in  a  philosophical  sense,  national  history.  The  rec- 
ord of  the  development  of  the  iiindamental  ty|je  constitutes  universal 
history, 

I  have  already  remarked  that  universal  history  ia  only  a  chapter  in 
physiology-  Since,  by  reason  of  the  similarity  of  construction  of  the 
cerebral  apparatus,  the  actions  of  men  will  preaent  a  uniformity  when 
under  the  influence  of  similar  motives  or  impulses,  there  is  not  only  a 
resemblance  between  sucJi  actions  among  dift'crent  persons,  influence  of 
but  also  it  may  be  discerned  when  nation  is  compared  with  rl'^^^ln^^l^^ 
nation,  and  race  with  race;  for  the  movements  of  communi-  on  iiim. 
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ties  idepend  on  tlie  same  motives  as  the  movementa  of  individuals,  beiif 
indeed  the  Bum  of  indiviJual  detcnninations.  But  when  multitudes  and 
masses  are  thus  brought  under  our  consideration,  the  clement  of  free-will 
Beema  for  the  most  part  to  disappear,  and  events  assume  an  air  of  pre- 
destination. To  this  principle  it  ig  that  history  owes  its  chief  value,  and 
truly  becomes,  as  is  often  said,  philosophy  teaching  by  example-  The 
intelUgent  man  who  lived  twenty  centuries  ago  would  doubtless  liave 
come  to  the  same  deeision  which  'm  reachtd  by  the  intelligent  man  of  oar 
tiiaea ;  the  same  propositions  being  submitted  to  botli,  botli  guiding 
themselves  by  similar  principles  to  &  like  result.  Tlie  logic  of  truth  is 
eternal,  for  it  is  tlie  expression  of  the  manner  of  action  of  our  cerebral  ap- 
paratus, the  type  of  which  never  changes;  and  since  tlicre  is  thna  i^o 
essential  change  in  the  typical  construction  of  man,  and  therefore  noiic 
in  tlie  maimer  of  operation  of  his  mental  processes,  since  physical  hatupc 
DefijiitcoeM  of  '*  KtivarjiJig,  and  the  events  of  life  spring  one  out  of  another 
bu  career.  i^  a  regular  order  or  sequence,  there  must  arise  those  same 
analogies  in  the  history  of  race  compared  with  race,  and  nation  compared 
with  nation,  that  arc  so  obvious  when  individual  is  coni]>ajred  with  indi- 
vidual. Of  every  great  fiiture  event  there  is  therefore  a  past  liietory,  for 
every  such  event  has  Iiad  its  precedent  in  other  Listoriea,  and  therefoit 
its  prognostic  Things  will  follow  in  a  definite  order  so  long  as  the  in- 
fluences of  external  nature  are  the  same,  and  so  long  as  the  construction 
of  the  human  brain  is  the  same. 

The  political  foresight  of  the  most  eminent  statesmen  depends  on  a 
gift  of  appreciating  national  mental  types,  like  that  posseased  by  great 
sculptors  or  painters  of  appreciating  a  standard  of  beauty.  It  in  this 
which  enables  them  to  foresee  the  probable  consequences  of  events,  and 
to  realize  the  expected  action  of  individuals,  and  even  of  masses  of 
men.  In  Buch  actions  there  is  far  more  uniformity  than  is  commonly 
TOpposed.  The  same  general  conditions  which  yield  to  the  post-office 
a  definite  percentage  of  ratgdirected  letters  every  ye^ — -which,  with  mar- 
velous fidehty,  give  to  the  hospitals,  the  jails,  tJie  bills  of  mortality,  their 
expected  numbers,  operate  from  age  to  age,  and  in  one  nation  as  la  sn- 
Dther,  and  hence  arises  that  appearance  of  fate  in  the  action  of  tnaases 
to  which  we  have  alluded ;  lience  atso  it  is  tliat  the  same  cycle  of 
events  re-occurs  again  and  again,  diveraified,  perhaps,  hut  never  esaen- 
tially  changed  by  the  influence  of  individual  free-will.  As  the  cotnpsr- 
utive  anatoniiat  exhibits,  in  the  diftprent  members  of  the  living  series* 
their  common  points  of  resemblance — that  this  organ  in  one  amnial  is 
the  homologae  of  that  in  another,  and  this  function  the  analogue  of  that. 
80  the  philoBophiical  statesman,  nuknowkdging  the  essential  principle  of 
comparitive  history,  reasons  from  nation  to  nation  and  from  age  to  age. 
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CHIBF  BTBMTS   IS  TUB  CITll-IZAnOK  OP    BIIBOrK. 

The  Odyssey  presents  us  a  vivid  picture  of  the  state  of  Eujrope  a 
thousand  yearfl  before  the  birth  of  Cliriat.     A  twilight  was  ^^ 
breaking  on  the  most  caatern  verge  in  the  counlHeg  adjoin-  inefrooi  bar- 
ing the  Hellespont,  but  the  West  and  the  North  were  im-  ^' 
inersed  in  a  night  of  barbarism.     The  unfolding  mind  is  ever  prune  Co 
till  darkness  with  iuiagiiiary  creations,  and  it  was  with  the  white  race  at 
that  period  as  it  is  with  a  child.     Every  shore  of  the  Medilerraneim 
and  Black  Sens  was  full  of  prodigies.     To  the  Greek  no  fiction  was  too 
iiiarveloua  for  belief  if  it  was  separated  from  his  view  by  a  liuudrcd 
years  or  a  hundred  tnites,  the  exaggeration  of  tradition  confirming  it  io 
the  one  case,  and  the  dilficulties  of  travel  in  the  other.     Ilia  horizon  was 
crowded  with  enchantresses  like  Circe,  sorcerers  like  Tiresias,  nioneters 
like  the  Cyclopa.     Gfods  and  go<ldeases  were  perpetually  flj'ing  through, 
tlie  air  :  every  hill  had  its  supernatural  legend,  every  forest  its  phantom. 
]">en  the  mouth  of  hell  was  on  the  iarliier  side  of  the  Euxine. 

A  religion  of  superstition  h  very  liable  to  be  connected  with  a  life 
of  evil  works.  The  maritime  enterprise  of  those  days  seems  to  have  re- 
cvived  no  little  incitement  irom  tlie  temptations  of  piracy — a  temptation 
lu  which,  even  at  a  later  period,  the  Greek  appears  Jnstinulively  to  turn ; 
nor  were  the  felonious  expeditions  restricted  to  the  taking  of  goods ;  they 
drew  an  additional  profit  from  the  stcjiling  of  men.  The  evidences  of 
even  a  still  darker  crime  may  also  be  discerned,  since  there  were  i>eople 
accused  by  common  fame  of  eating  the  captives  who  fell  into  their  bands. 
The  wliitc  man,  therefore^  emergent  trotn  his  state  of  barbarism  a  pirate* 
A  slaver,  a  cannibal,  cruel  in  his  mom^it  of  poweT,  and  debased  by  an 
incredible  superstition  in  his  moment  of  fear. 

Unable  to  originate  his  civilization  for  hhnself,  he  drew  the  elcmcBtf 
of  it  from  another  country.  By  the  concurring  testimony  of  ^. ,.,.  ^^ 
all  authors,  as  well  as  the  internal  evidences  of  ancient  history,  on^naaud 
that  great  blessing  is  the  gift  of  Egypt.  For  tliirty-four  cen-  "  '-^^^^ 
luriea  before  our  era  that  coiintry  was  governed  by  dynasties  of  kings, 
succeediitg  each  other  without  interruption.  Its  eoil>  proverbially  fer- 
tile, sustained  a  popidation,  estimated,  in  the  most  prosperon»  limes,  at 
about  seven  millions ;  and  repeated  military  expeditions  into  Ai^'ia  and 
Ethiopia  had,  in  the  course  of  ages,  concentrated  in  it  immeuBe  wealtli, 
(lie  spoils  of  conquered  nations,  and  crowded  with  captives  and  slaves 
the  Valley  of  the  Nile. 

For  this  long  continuance  of  the  Egyptian  polity  gatisfactory  reasons 
may  be  assigned.  In  early  ages,  when  maritime  expeditions  AneUnt  «indi. 
were  necessarily  feeble,  the  country  was  open  to  invasion  liuo'^  Egypt 
only  acroM  a  narrow  neck  of  land  on  the  east,  and  was  protected  from 
any  attack  on  the  west  by  ini]fassable  and  interminable  deserts.     Under 
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the  militaiy  system  of  remote  antiquity  Eg}'pt  was  almost  inaocesflible ; 
bat  tlilOugll  lb*  changes  of  later  times,  and  evet  since  navql  e^pc^tiotu 
have  beeu  carried  to  any  estent,  her  poaiiion  ha»  li^een  that  of  extresM 
weakness.  The  uniform  eixperience  of  tTrenty-£ve  centuries,  from  the 
Persian  wars  to  those  of  the  French  Revolution,  has  shown  that  the  poe- 
sesaion  of  the  mouths  of  the  river  is  equivalent  to  the  conquest  of  Un: 
country. 

In  the  security  of  this  inacceasible  retreat,  and  under  political  iostitn- 
dona  of  a  favorahle  character,  the  dvilization  which  was  to  be  confeiKd 
on  the  white  man  originated.  For  a  succesaion  of  centuries,  indaatna] 
art,  and  its  parent,  natiu-al  knowledge,  appear  to  have  undergone  a  steady 
development;  perliaps,  as  in  other  countries  at  a  later  time,  advancing  in 
the  more  prosperous  political  seasons,  and  becoming  stationary  in  the 
decay  of  the  empire.  The  etatements  furnished  to  ua  hy  Greek  anthoi^ 
HTG  of  verj'  little  value,  for  as  long  a  period  of  time  intervened  Ixrtween 
the  first  Egyptian  kings  and  thorn  as  from  thcsn  until  now.  It  is  rather 
ftom  the  momimenta  of  the  Egyptians  that  we  roust  juclge.  £ach  year 
since  their  countrj.-  has  been  open  to  investigation,  and  their  hieroglyphic 
system  understood,  tiie  impressions  we  have  received  of  their  inteilecluali 
advancement  have  been  more  and  more  favorable.  The  vocal  statue  of 
Memnon  at  Thebes,  it  ia  said,  emitted  a  musical  sound  when  touched  by 
the  raya  of  flic  sun.  In  llie  light  of  modem  criticism,  every  obelisk  and 
monument  in  tboac  desolated  palaces  Is  finding  a.  voice. 

The  public  wofks  attest  to  this  day  <he  greatness  and  permanence  of 
Hanneraorthc  the  Egyptian  monarchy,  find  the  peculiarities  of  the  Egyp- 
EbTpii^ns-  ttan  mind.  From  the  statues  and  ruins  of  the  temples  of 
the  Greeks  we  see  what  a  vivid  perception  that  people  had  of  the  bcauH- 
ftil.  The  slatuea,  and  tombs,  and  tenijiles  of  the  Egyptians  offer  a  strik- 
ing contrast;  tlie  useful  every  where  predominates.  The  vases  of  the  one 
were  adorned  with  emblematical  and  graceful  forma;  the  tombs  of  the  oth- 
er were  covered  with  sculptures  and  paintings,  commemorating  the  ordi- 
nary pursuits  of  lite,  and  various  processes  in  the  arts  and  nianufacturea. 

These  sc^ilplures  and  paintings  show  to  what  an  extent  the  physical 
sciences  and  arts  depending  on  them  had  been  cultivated.  They  set  be^ 
fore  us  the  domestic  life  and  tlaily  business  and  trades  of  the  people ; 
cookery,  confectionery,  glass-blowing,  weaving,  pottery-making,  manu- 
facture of  cotton,  painting  on  wood  and  stone,  staining  of  glass,  and  a 
hundred  other  occupations.  Among  the  pictured  representations,  a  chem- 
ist aees  with  pleasure  the  appajatus  of  hia  art,  siphons,  bellows,  blow- 
pipes, etc. 

Shut  up  by  its  political  system  from  the  Mediterranean  nations  in  the 
Ujne  manner  that  the  Chinese  and  Jaj^anese  empires  have  been  in  later 
times  from  othej  slatea,  Egypt  was  to  the  Greek  a  land  of  mystery  and 
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marvelB.  The  exaggerated  legends  which  had  been  brouglil  from  it  at 
distant  intervals  by  those  who  had  cscajjcd  by  stealth,  of  in  troublous 
cimcs  hud,  like  Cecrops.  and  Danaiid^  led  forth  colonies  of  emigrants,  lost 
none  of  their  wonders  in  the  traditions  of  Buccessive  gencnitions,  but 
were  rather  verified  by  the  roving  pirates  who  liad  seen  the  pyi-amSds. 
obelisks,  and  sphinxes,  and  the  great  temples  on  the  banks  of  the  Nile- 

The  first  slop  in  civilization  ia.  the  invention  of  some  syatein  of  per- 
roanenl  record — some  method  of  writing.  Without  this,  it  jniroducibn 
may  be  truly  said  that  law  can  not  exist.  Law  can  not  main-  ofwrjiiiig&oni 
tain  itself  in  the  uncertaintica  of  tradition  —  law,  without  ''■*''''' 
which  we  can  not  conceive  of  society.  Tlie  legendary  history  of  Kuropc 
ia  doubtless  correct  in  referring  to  eome  of  these  Egyptian  fugitives  or 
eniigranta  the  contemporaneous  introduction  of  writing,  and  a  system  of 
jurisprudence.  Even  if  the  former  waa  derived  from  Phoenicia,  accord- 
ing to  the  story  of  Cadmus,  the  PheeniclaDS  had  originally  borrowed  it 
from  Egypt.  It  is  an  interesting  illustration  of  the  tendency  of  the  Eu- 
ropean mind  to  analysis,  that  of  ilie  forms  of  writing  known  in  those 
limes,  the  ideographic  or  picture-writing,  the  syllabic  or  tlie  represcnta- 
lion  of  syllable  sounds  by  signs,  and  the  alphabetic,  the  latter  alone 
maintained  its  foothold  in  Europe,  Tins  form^  as  described  at  page  356, 
essentially  consists  in  decomposing  articulate  expressions  into  their  con- 
stituent vowel  and  consonant  eoutidfi,  attd  assigning  for  cuch  of  those 
sounds  a  letter. 

About  seven  hundred  years  before  Christ,  events  took  place  which  led 
to  the  extension  of  Egyptian  civilization  to  Euro]>e.  The  an-  jmi^ucti'in 
cient  power  of  the  kings  had  declined,  thi-ough  disputes  and  flf  F.to'pii*" 
compromises  occurring  between  them  and  the  priesthood.  Be-  *^^'  *""*"' 
Iween  the  priests  and  the  military  caste  there  was  an  open  quarrel, many 
of  the  former  having  been  deprived  of  their  lands-  The&e  rivalries  broke 
out  in  revolts  and  insurrections,  and  for  two  years  the  country  was  in  a 
state  of  anarchy,  from  which  a  partial  respite  was  obtniued  by  an  entire 
change  in  its  institutions.  Twelve  of  the  most  influential  persons  divided 
it  among  them,  each  having  a  province  whicli  he  ruled  as  an  independent 
king.  The  old  monarchy  had  dcgenerntcd  into  an  oligarchy,  and  it  was 
this  revolution  which  introduced  African  science  into  Europe. 

Paanimetichus,  one  of  the  twelve,  had  for  his  province  the  country  which 
borders  on  the  Mediterranean  Sea.  Availing  hirnaclf  of  his  [Mjsition.he 
establialied  an  intercourse  with  tlie  neighboring  milions,  particularly  the 
Greeks  and  Fhceuieiana,  and  amassed  ^om  it  so  much  wealth  that  his 
colleagues,  jealous  of  his  increasing  power,  resolved  to  dispoasesB  bim. 
Until  iSiis  time,  all  foreigners  had  been  held  in  the  utmost  contempt,  and 
rigidly  excluded.  Psaminclichus  called  in  the  aid  of  Ionian  pirates,  and 
other  Mediterranean  adventtrrers,  and,  having  collected  a  aufficient  body 
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at  muAx  meranuriM^  defeated  hu  ooDeagMS  «t  tbe  faattle  of 
•sd  beeiiDe  fde  ruler  of  tbe  whole  cvmitrr. 

Bjr  tbe  aid  of  a  tbre^  fiirDe  tl>e  nrvolutiou  had  been  Cttdtd,  boC  ik 
f  tyratac  «rite  postlioD  of  PBsiiiEDerichaA  «u  esaentuilr  difierent  frvim  thtf 
iMfMi^Eairt.  of  bU  ffrBoediiig  princes.  A  foreign  foroa  had  given  bsm  At 
ibronCf  and  a  foreign  force  alone  could  maintain  him  on  iL  TJoder 
L-iiCttfiurtances,  he  tiiok  bis  most  politic  cdotw,  and,  breaking  thina^' 
iradittoiu  of  twenty-five  centuries,  opened  the  ports  o{  Eg}-pt. 

Thin  event  tmcwmaWy  ted  to  a  closer  intercourse  among  the  Ueditcp* 
rineaii  nallonn,  and  insored  couimunJcation  betireen  Europe  and  AftioL 
The  foreign  clement  quickly  made  its  influence  manifest.  In  tbe  vor 
iiext  rcigii  the  Ca)«  of  Good  Ilojie  was  doubled,  and  Africa  circiuniuin- 
gsled,  ami  ii^tlic  wtirije  of  a  very  few  yeaia  we  find  Pyth&gonu,  Solon. 
ruid  Tliuli»  vtMiting  I'^gypt,  and  bringing^  from  thence  to  Europe  tbe  efe- 
menlH  oC  Ihw  and  natural  HCtence> 

Tbe  I'cTiiiaii  tm|jiirc  in  tlie  mean  lime  bad  attained  an  attitade  of  •»■ 
Tb«  Pcniin      y^^™^y  '1  Western  Ama.     Following  the  inspirations  of  its 
tm\Aini  luiii-  Jtabybjiiiiin  prcdecessorti,  it  wa3  *?ngaged  in  continoal  wais 
"*""'  HTiiK  it*  African  iieigbbor.     From  the  battle  of  Pelusinia. 

und  tlie  con<]iu'»t  of  Kgypt  by  Cainbyites,  the  political  interests  of  thai 
trtuiitry  and  'ireece  became  e&sctitially  tbe  same.  Tlie  Persian  coo- 
iiuurortt,  operating  alternately  on  the  north  and  south  shores  of  the  Medi' 
Ccrmnoan.  betrayed  a  determination  to  extend  their  rule  around  (hat  att, 
iinil  make  it  a  I'crsian  lake.  On  the  one  hard  they  were  resisted  Iw  the 
(IrtTks,  oti  the  other  by  the  Kgyiiiiati*,  between  whom  active  comini 
cationa  wm  kejit  up.  For  several  centuries  theae  operations  were 
ducted  with  vaiioun  aucctiss.  The  kings  of  Persia,  several  of  whom 
B«cni  to  liuvo  been  men  of  great  capacity,  compreliended  the  political  ad- 
vantages whieli  would  arise  from  the  possession  of  the  sea,  and  Would 
have  doublloB«  carried  out  tlieir  plana  as  reapecta  the  south  shore,  if  the 
Phfpniciana  had  not  opposed  obstacles  for  the  sake  oC  their  colony  at 
Carthage.  And  though  the  Greek  hiatoriana,  with  a  pardonable  motive. 
npaik  gf  the  variotis  movements  on  the  north  as  failures,  there  are  manr 
uircuiiifltfliiceB  which  lead  us  to  receive  their  accounts  with  allowances, 
if  Memphis  was  sacked,  Atliens  also  was  Imnied  ?  and  even  at  the  opeo- 
iiig  of  the  Maeedoniaii  expedition,  Greek  liiatory  is  full  of  Persian  ind- 
detitH  iind  intrigues. 

In  rt|K'Hking  of  the  Egyptian  cultivators  of  philosophy  as  priests,  tbe 
iiiuwiuMiantpf  signification  which  is  now  attached  to  that  word  givoa  na  an 
Ktryjinan  |>iii.  crronoou3  idea  of  what  they  really  were.  Tlie  colli^ies  at 
l"»"L"y-  Memphis,  Thelje9,HeliopoIi3,  and  Saia,weTe,in  real  it  v.  each 

the  hoad-quaners  of  a  fraternity  of  artiats  and  professional  men,  and  bote 
no  Aort  uf  resemblance  to  our  modem  occlesiastical  institutions.      AxnoDc 
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tliera  were  arcMtocts,  lawyers,  phyaiciana,  paintera,  chcnusts,  aBtrono- 
meiB.  These  men  were,  iQoreover,  the  great  landownerg ;  net  only  were 
iKe  temples  riclily  endoivecl  its  corporations,  but  the  ii^dividual  members 
were  persons  of  wealth.  They  enjoyed  inonopoiiea  ot"ali  kinds;  for  in- 
Htance,  among  other  thinga  they  had  extensive  factoriea  for  cottons,  and 
lalmTatories  for  the  preparation  of  chemical  products. 

I'Vom  these  iustituliona  the  Greek  philo3ophers  brought  natural  sci- 
ence. Pythagoras  had  resided  at  Theljca,  Thalea  and  Democ-  tiio  Greek 
i-itus  at  Iilcinphis,  Plato  at  Ilcliopolia,  Solon  at  Saia,  They  s'J"J*'la- 
did  at  first  little  more  than  expound  the  doctrinea  they  had  learned. 
Their  mode  of  instruction  seems  to  have  been,  m  maity  instances,  found- 
lid  on  the  Egj'ptian  model.  The  Pythagorean  establishment  at  Crotona 
may  be  regarded  as  n  partial  imitation  of  (he  African  collcgea. 

It  13  not  my  intention  1o  enter  on  an  examination,  or  even  cnumiera-' 
I  ion,  of  ancient  philosoplitcal  opinions,  nor  to  show  that  many  of  the  do&- 
lrinc3  which  have  been  brought  forward  within  the  last  three  centiirieis 
existed  in  cmbvyo  in  those  times.  It  vaay,  howeTW,  be  observed  that, 
in  the  midst  of  much  error,  tliere  were  tliose  who  held  just  views;  of  the 
various  problems  of  theology,  law,  politics,  philosophy,  and  parlicuiaily 
of  the  fundamental  doctrines  of  natural  science,  the  constitution  of  Iheeo- 
liir  system,  the  geological  history  of  the  earth,  tiio  nature  of  chemical 
fbrccflf  the  physiological  relations  of  animals  and  plants. 

It  is  supposed  by  many,  whose  attention  has  beeti  casually  drawn  to 
t!ie  philosophical  opinions  of  antiquity,  that  the  doctrines  whiLdi  we  still 
r"t«in  as?  tnie  came  to  the  knowWlge  of  the  old  philosophers  not  so  much 
I'y  processes  of  legitimate  investigation  as  by  mere  guessing  or  crude 
^  peculation,  for  which  tJsere  was  an  equal  cliance  whether  they  were  right 
nr  wrong;  but  a  clo&er  examination  will  show  that  many  of  them  must 
liave  depended  on  results  previously  determined  or  observed  by  tlic  At- 
1-icana  or  Asiatics^  and  thus  they  seem  to  indicate  that  the  hrnnan  mind 
has  undergone  in  twenty  centuries  hut  httle  change  in  its  manttpr  of  ac- 
tion, and  that,  commencing  with  the  same  data,  it  always  cones  to  the 
same  conclusions.  Nor  is  this  at  all  dependent  on  any  inherent  logic  of 
truth.  Very  many  of  the  errors  of  antiquity  have  reappeared  in  our 
times.  If  the  (ircek  schools  were  int'ccted  with  materialism,  pantheism, 
and  atheism,  the  later  progress  of  philosophy  has  shown  the  same  char- 
iietera.  To  a  certain  extent,  such  doctrines  wOl  receive  an  impression 
iVom  the  prevailing  creeds,  but  the  arguments  which  have  been  appealed 
to  in  their  favor  have  always  been  the  same.  The  distinction  Ijctween 
llicse  heresies  in  ancient  and  modem  times  lies  chiefly  in  the  grosser 
elmracters  which  they  formerly  assumed,  arising  partly  from  the  reHected 
influence  of  the  existing  mythology,  and  partly  from  the  impertections 
of  exact  knowledge.     Even  the  errors  of  early  antif|uity  are  venerable. 
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We  must  judge  our  predecessors  by  the  bhitic  rulee  that  we  hope  pos- 
terity will  judge  us,  making  a  generous  allowance  for  the  imperfecttoiu 
of  reason,  the  iniimiUics  of  character,  and  especially  for  the  prejudice;* 
of  the  times.  To  have  devoutly  believed  in  the  existence  of  a  hamaii 
soul,  to  Lave  looked  forward  to  its  continuing  after  the  dcatli  of  the 
body,  to  have  expected  a  future  state  of  rewards  and  punishments,  ami 
to  have  ilrawn  therefrom,  aa  a  philosophical  conclusion,  the  necessitv  d' 
leading  a  virtuous  life — these,  though  they  may  bo  cuveloped  in  a  daud 
of  errors,  are  imble  results  of  the  intellect  of  man. 

The  analytical  quality  of  the  European  mind  already  mamfested  itself 
Anulyticui  in  this  decomposition  of  knoAvledgc  derived  irom  foreign  ooun- 
EuroriMn  "  trjcs,  ill  this  cstablishtnetit  of  a  liost  of  schooU,  lliis  esatniua- 
.uiad.  lion  and  discussion  of  the  fundamental  elements  of  the  im- 

ported philosophy.  As  there  are  diiferences  in  the  physiognomy  ol  I 
races,  so  there  are  differences  in  their  intellectual  endowments,  wIucK 
ariaingin  pecnliarities  of  cerebral  construction,  comnmnicate  pecxUiaritiei 
to  the  processes  of  thinkings  The  physical  science  of  Egypt,  transported 
to  (ireece,  rapidly  degenerated  into  sjieculative  phtloaopliy,  and  in  so 
doing  produced  an  instability  of  opinion  ■which  entailed  as  jts  conae^ 
q^uence  a  laxity  of  morals.  Buch  a  sKial  condition  led  naturally  to  the 
results  which  hiatoiy  Indicates.  It  h  not  surprising  that  the  most  em- 
inent men  were  ojien  to  briber}',  and  that  the  glory  of  those  ages  was  so 
often  the  brilliancy  of  corruption.  These  are  the  necessarj-  results  at- 
tending such  political  conditions.  Too  often  it  fell  out  that  tlie  gr^l 
men  of  Greece  accused,  and  too  often  convicted  each  other  of  beine  in- 
tluenccd  by  ]*crsian  intrigues  and  Persian  gold.  In  the  general  demor- 
alization, they  seem  to  have  taken  for  their  guide  a  perverted  interpreta- 
tion of  the  adniitablc  precept  of  Solon,  "  In  every  thing  thou  doest,  con- 
sider tlie  end." 

Added  to  this,  the  public  faith  in  things  once  implicitly  believed  ww 
shaken.  Xerxes  in  a  very  unceremonious  way  violated  the  tenipU^a  and 
carried  off  llieir  treasures,  showing  the  same  conlcnipt  for  the  eoda  of 
Europe  that  Cambyses  had  shown  for  those  of  Africa.  If  there  lineeied 
in  the  minds  of  the  philosophers  any  latent  beGef  in  the  national  fiittll,  a 
relic  of  the  impressions  of  childhood  or  of  popular  opinion,  bucI]  a  prac- 
Ureek  irr*.  tical  demouatration  could  scarcely  be  lost.  Paring  the  fifty 
ti(,iwi.  years  of  that  war,  the  philosophical  opinions  of  the  PersiaBs 
had  full  opportunity  to  find  their  way  among  a  class  of  men  quite  open 
to  receive  them,  and  from  this  time  we  perceive  a  striking  similarity  bt- 
tween  many  of  the  doctrines  of  the  schools  and  the  well-knovn  dogiiuti 
of  the  Orientals,  The  Greeks,  like  the  Hindoos,  in  the  possession  of  tbf 
mere  rudiments  of  science,  passed  at  once  to  the  discussion  of  the  most 
important  and  elevated  problems  with  which  the  human  mind  can  he 
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gaged,  and)  as  an  inevitable  consequence,  were  led  (ifray  &om  true  phi- 
losophy into  Bophistry  and  irreligion. 

It  has  been  remarked  a  few  pages  back,  that  in  the  progress  of  nations 
events  follow  in  repealing  cyclca,  and  that  for  any  one  we  may  generally 
find  its  precursor,  and  therefore  its  prognostic.  Cfreece  dealt  with  the 
philosophy  she  Imd  received  tVoin  the  southern  people,  African  or  Asi- 
atic, exactly  in  the  same  manner  that  Europe  dealt  with  Italian  thcologj- 
the  moment  that  liberty  of  action  was  permitted  by  the  Beformation.  In 
each  case  the  issue  was  not  the  prompt  and  final  subatilution  of  a  sys- 
tem correcting  apparent  and  acknowledged  defects,  a  system  in  nnison 
with  the  existing  tone  of  thought.  There  was  no  such  stoppage  of  ac- 
tion; but  from  the  bosom  of  each  principle  and  sect  many  other  princi- 
ples and  acctd  arose,  until  there  seemed  to  be  no  end  to  the  subdivision. 

If  thus  we  consider  the  political  position  of  Greece,  the  condition  of 
Asia  Minor,  occupied  by  Pcrsinn  troops,  the  destruction  that  inUuenre  of  ihif 
Lad  overtaken  Kgypt,  the  excitements  and  calamities  of  a  war  0,1^1*  oj^nJ^bi- 
of  half  a  century,  we  can  readily  understand  tiiat  this  was  losoplij. 
not  a  season  when  the  tedious  and  slow  processes  of  true  philosophy  were 
likely  to  flourish,  and  that  it  was  far  more  conducive  to  imposture  than 
to  Hcience.  The  seeds  of  knowledge  which  had  been  brought  from 
Egypt  shot  up  into  a  rank  growth,  and  Europe  did  not  free  herself  of 
these  weedg  for  sEsteca  centuries.  The  character  of  a  long  train  of 
events  is  often  determined  at  its  inception ;  foe  this  reason,  1  have  dwelt 
in  detail  on  those  times,  and  it  is  Well  worthy  of  remark  that  the  posi- 
tive science  of  the  European  was  not  fairly  established  until  after  three, 
distinct  impulses  from  Egypt :  once,  as  we  liavo  seen,  under  her  Pha- 
raohs; again,  under  her  Ptolemies;  and  still  again,  undca'  her  caliphs 
and  sultans. 

While  tliese  events  were  taking  place  in  the  southeast  of  EiiropCt  do- 
mestic and  foreign  commerce  were  preparing  the  way  for  a    _  .  ,     ._ 
gradual  difliusion  of  civilisation.     A  trade  with  the  countries    roji^nn  vtm- 
borde-ring  on  the  Baltic  Sea  for  the  amber  which  is  found  on   '°*"'*' 
those  shores  had  gradually  arisen,  and,  in  like  manner,  another  with 
Spain,  France,  and  England  for  tin.     TJie  tin  of  Cornwall  waa  wuricd 
througli  France  and  shipped  by  the  Phcenicians  at  Marseilles,  a  certain 
quantity  of  the  same  metal  being  also  obtained  from  the  Spanish  mines- 
Early  in  their  history  the  Fhccnicians  bad  established  colonics  on  several 
points  of  the  Black  Sea,  and  from  these  depots  they  brought  the  various 
products  of  those  countries,  among  which  may  Iw  mentioned  gold,  whicli 
had  apparently  been  originally  derived  from  the  washing  of  the  Uralian 
deposits.    Tliis  Black  Sea  commerce  aceras,  however,  to  have  been  event- 
ually abandoned  for  the  more  profitable  Kpanish  traile,  and  on  the  with- 
drawal of  the  PhtEniciana  from  the  Euxtnc,  tlie  Greeks  occupied  their 
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Discovery  of  p'^'^^-  Jleaiitime  the  enterprise  of  the  Tyrian  sailors  had] 
ihoStrwcaof  carried  them  through  the  Straits  of  Gribraltar,  and  enaUed 
''  "  ^"'  ihem  to  have  direct  access  with  the  tin  and  amber  coutttnei 
v.-ithout  the  intervention  of  any  overlawd  traffic  It  was  doubtless  Um 
I'-iscovery  of  this  outlet  to  the  Atlantic  which  led  to  the  deslructioa  of 
lite  Gaulish  tniile  in  tin  and  the  Crcrman  trade  in  amber.  Bo  gieatlv 
ivaa  this  latter  substance  prized,  that  the  overland  commerce  in  it 
many  ramifications :  thus  amber  was  carried  into  Italy  by  the  Et 
who  had  a  sacred  road  under  the  protection  of  the  adjacent  tribes  to 
Baltic  Sea. 

AVitli  tlieir  commerce  tbe  Phtcniciana  disseminated  a  knon'ledge  of 
many  inventions  peculiar  to  theuiaelvea,  among  which  may  be  mentifnitd 
the  use  of  stamped  metallic  coinage.  Their  great  African  colony,  C«i^ 
ihage,  exerted  in  these  movements  eventually  a  more  powerful  in^uence 
Ikan  even  the  parent  country. 

Emulating  the  enterprise  of  tlie  Phoiiiicians,  the  Greek  mariners  nn- 
dertook  e^tpcditiona  Loth  to  the  east  and  to  the  woRt,  Bucceeding,  as  we 
have  seen,  tn  establishing  themaelves  on  the  shores  of  the  KxLxine,  ao^ 
eventually  passing,  under  Coloiua  of  Samoa,  through  the  Straits  of  GiV 
raltar  into  the  Atlantic  Ocean ;  but  even  up  to  tho  time  of  tbe  Mace- 
I  Ii6  Mo<:eduni.  doniaii  expedition,  their  gcographica!  ideas  were  very  crude 
Hu  canipaiga.  and  full  of  etrors.  Of  tlie  expedition  of  Alexander,  Hum- 
holdt  remarks  liiat  it  partook  as  much  of  tlic  eliaracter  of  a  scicntiitc  as 
of  a  military  undertaking,  and  its  eonscf[uenccfl.  both  immediate  and  re- 
mote, u[K>n  Euro|>e  can  scarcely  be  exaggerated.  That  great  commandflr  j 
surrounded  himself  with  wliatever  talent  was  to  he  found  in  Greece,  and 
made  his  military  euccessea  for  a  time  subservient  to  the  science  of  ln> 
native  country.  It  was  tlirough  this  that  Aristotle  obtained  that  oom-i 
inanding  influence  which  not  only  gave  him  an  authority  over  tlie  active 
mind  of  his  ovni  times,  but  which  was  felt  even  until  the  introduction,  of 
tlie  Baconian  system  of  philosophy.  The  campaigns  of  Alexander  dottV 
led  the  geography  of  the  Greeks  in  longitude,  opened  to  their  invetti- 
gation  new  countries  even  to  tiie  tropics,  brought  thera  acquainted,  wili 
racc3  of  men  who  had  been  the  depositaries  of  science,  aa  it  then  existed. 
I'or  thousands  of  years,  and,  in  short,  added  Asiatic  to  Grecian  kumr)- 
edge.  It  is  a  significant  fact  that,  after  the  taking  of  Babylon,  Alejcanda 
i^ent  to  Aristotle  a  series  of  astronomical  observations  reaching  back 
through  19Q3  years. 

The  Macedonian  expedition  not  only  made  a  profound  impresdion  oa 

RKsior.aon  of  *''"  ^i^ropean  mind  by  its  immediate  results — its  i)i6iicnoe  a 

iHMiwliytn      equally  palpable  in  its  remoter  consequences.       It  woold  b* 

"'^^  impossible,  in  isuch  a  sketch  aa  this,  to  do  juBtice  to  that  inBl 

event  in  all  its  details ;  for  nations  can  not  be  thus  brought  in  contort 
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without  prodigimu  mental  results,  the  extinction  of  old,  aiicl  the  appear- 
ance of  new  ideas.  But  ot'tEie  Jniluences  which  tliui*  arose,  there  is,  how- 
ever, one  which  deserves  to  fasten  our  attention,  and  the  more  bo  since 
we  have  Iiad  already,  and  shall  liave  again,  the  occasion  for  alluding  1ii 
it.  It  was  the  establishment  of  a  regal  govenament  in  Eg)i)t.  Undvr 
the  Ptolemies,  who  may  be  truly  characterized  as  tho  most 
illustnoua  kmga  oi  antiquity,  that  ancient  country  recovered 
her  pristine  glory.  Among  the  works  accomplished  hy  these  great  men 
may  he  mentioned,  as  e3flmples  of  their  high-toned  policy,  the  sending 
out  of  an  exploring  expedition  to  ec|ninoctial  Africa ;  tJie  estahlishincnt  of 
menageries  and  zoological  gardens  atBruchium;  their  attempts  at  determ- 
ining the  cause  of  the  overtiow  of  the  NUe;  tlie  lihrary  at  .\lcxandria: 
the  museum  at  Rhakotie ;  the  measurement  of  a  degree  on  tlie  earth's 
surface  between  jMesandria  and  Syene;  the  ascertaining  of  the  prodigions 
distance  of  the  re^on  of  tiie  fixed  stars ;  the  recognition  of  the  motion 
of  rotation  of  the  earth  upon  her  axis,  and  of  her  translation  around  tlic 
sun  ;  the  precession  of  tlie  equinoxes ;  the  attempt  at  constructing  a  map 
of  the  world  by  the  aid  of  degreea,  based  on  lunar  obscrvationa  and  on 
shadows;  the  improvement  of  the  methods  of  astronomical  observation 
by  the  invention  of  water-clocks,  and  instruments  for  the  more  accurate 
measurement  of  angles.  Along  with  thepc,  Baron  Humboldt,  in  his  Cos- 
mos, has  enumerated  many  other  philosophical  works  of  the  Ptolemies, 
which  exerted  a  profound  influence  both  upon  the  knowledge  and  intel- 
lect of  Kurope.  Greece  now  repaid  what  Bhe  had  formerly  borrowed; 
her  schools  of  philoaophy  were  translated  to  Alexandria,  and  tho  great 
names  of  Euclid,  ApoUonius,  and  Archimedes  testily  to  the  return  of 
these  8ge3  to  exact  science- 

The  decline  of  Greece  and  her  final  absorption  into  the  Roman  em- 
pire was  the  necessary  consequence  of  her  mode  of  life.  In  Dciiinr  of 
policy  an  in  philoaophy,  her  essential  tendency  was  to  sub-  ji^,'if',J',".  y;,„ 
division,  and  tlierefore  to  weakness.  In  her  external  rela-  man  empire. 
tions  she  had  ever  been  far  more  closely  connected  with  Asia  than  with 
Europe.  For  a  long  time  she  was  liltld  more  than  an  outlying  territory 
of  Persia,  respecting  and  fearing  the  highly-civilized  nations  in  her  front, 
but  scarcely  concerning  herself  with  the  harbfirlana  at  her  back.  Very 
ditthrcnt  was  it  with  Rome,  her  great  supplanter  and  sncceaBor,  who. 
ilioroughly  European  in  her  whole  hialory,  exercised  nn  active  interven- 
lion  in  the  affairs  of  adjacent  nations — an  influence  perjietually  fdt 
tlirougii  Spain,  (Jermany,  f  [aid,  and  Britain. 

It  is  difficult  to  estimate  fully  the  influence  of  the  TJoman  empire  on 
the  intellect  of  Europe.  Itspowerlay  not  in  the  origination  of  what  was 
new,  but  in  the  development  and  dissemination  of  whnt  was  derived  from 
other  sources.     The  contributions  of  the  Roman  emperors  to  the  stock 
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of  positive  knowledge  bear  no  kind  of  comparison  to  that  of  the  Ptolfr 
roies  just  mentioned^  indeed,  their  works  have  reference  chiefly  to  uiilii 
purposes  and  raaterial  aggrandi^iienient.  In  tlu&  manner  we  moat  Urdk 
upon  ttic  surveys  and  itineraries  n'tiich  they  caused  to  lie  made  of  van- 
ous  parts  of  Itic  empiFe.  Nercrthdcss,  througli  their  inflaence  the  idn 
of  civilization  was  gradually  made  to  find  its  way  through  Central  atti 
Northern  Europe. 

The  function  of  Rome  in  our  history  is  very  distinct.  From  srodl 
renLraKzing  beginnings  she  steadily  pursued  the  same  pfogreas.  Xhf 
!'.owcri>V^  "^  conrjueat  and  absorption  of  town  after  town,  which  was  tbr 
iiome.  history  of  her  earlier  times,  was  carried  out  in  the  amiexatioc 

of  nations  in  her  day  of  strength.  From  the  moment  that  she  gainird 
the  control  of  the  Mediterranean  Sea,  which  was  tlie  grand  epoch  of  ha 
life,  fihe  inexorably  forced  all  the  conterminous  nations  to  acknowledgt 
Italian  centralization^  It  is  no  metaphorical  expression  that  she  bouanit 
their  centre  of  gravity.  No  circumatancc  could  occur  to  her  wliich  i£d 
uot  instantly  influence  tliem  all.  As  far  more  than  an  equivalent  fa 
snbjugation  and  loss  of  independence,  she  made  them  into  a  common 
rate,  harrniitiiKing  their  actions,  and  giving  them  common  ideas.  The 
Roman  empire  was  the  organizing  principle  of  the  white  tuoii. 

The  acts  of  man,  though  they  may  have  the  aspect  of  free-will  as  n>- 
garda  himself,  are  automatic  as  regards  the  raoe.  He  is  employed  in 
Achieving  a  result  of  wtiich  he  is  utterly  ignorant;  he  is  coneeriied  id  t 
work  of  the  effects  of  which  he  is  unconscious.  He  is  like  a  bee,  whicii 
doubtless  experiences  a  certain  pleasure  in  flying  from  flower  to  flower, 
the  gratification  of  an  obscure  deairc  in  constructing  cell  after  cell,  it! 
individual  dcUght  ministeving  to  a  public  good  of  the  nature  of  which  it 
is  wholly  unconsdous. 

In  such  a  manner  we  may  look  upon  the  career  of  the  Romaji  wtti 
satisfaction,  lie  was  pursuing  a  life  of  evil  deeds,  and  aocumuhiling;  a 
liis  great  and  dissipated  capital  the  spoils  of  wasted  provinces,  eratifyiof 
liis  wanton  luxuries  by  a  systematic  resort  to  war,  that  most  awlul  uf 
the  curses  that  afflict  our  race.  It  was  the  temporary  lust  of  iudividu»l 
ifitercst  that  lie  was  purs^Lit1lg.  Providence  wag  bringing  out  of  it  a  uni- 
versal good, 

If  Rome  waa  cruel  in  her  national  acts,  she  was  majestic  in  her  policr. 
rh  fll  fEu  ^^^  decimated  nations  that  she  might  bind  them  into  om 
ropean  psgsn-  family.  With  remorseless  vigor  she  extinguished  own 
'*™'  trace  of  independent  action,  and  with  a  contradictorv  bol 

[loble  liberality,  domesticated  the  worship  of  every  conquered  ij«0|^ 
round  the  Capitol.  There  was  no  god  whose  image  she  could  not  she*. 
uo  faith  of  which  she  was  not  the  patroness.  It  may  serve  as  an  cxaA- 
ple  of  the  manner  in  wliich  her  policy  led  to  definite  rcsulta  of  whkJi  ikt 
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was  unaware,  or,  if  aware,  of  the  manner  in  which  the  strong  hand  of 
Providence  inverted  her  designs,  lliat  by  this,  her  aystem  of  universal 
lolemtion  of  every  ancient  faith,  she  absolutely  destroyed  them  all. 
Urought  thua  to  bear  upon  one  another  at  a  cominon  central  point,  llieir 
contradictions,  inconsistencies,  fallacy,  and  emptiness  became  apparent. 
The  men  of  capacity  firat  made  the  detection,  their  opinions  spreading 
by'dcgrees  through  society.  Well  might  St.  Chrysostom  say  that  the 
error  of  idolatry  vaniahed  of  itself,  and  that  paganism  &ccmcd  in  Wis  day 
*'  like  a  conquered  city,  whose  walls  were  overthrown,  her  halls,  theatres, 
and  public  buddings  consumed  by  fire,  her  defenders  slain,  and  here  and 
liicro  a  tew  old  men  and  children  hngering  among  the  mina.  Even 
these  were  soon  found  no  more.'' 

It  is  sometimes  said  that  the  Roman  empire  was  essentially  composed 
of  cities ;  that  at  its  fall  its  fragments  were  cities  ;  and  that  it  lef"t  nothing 
to  posterity  but  its  municipal  system.  Such  s.  etatemcnt  is  not  true. 
Its  legacy  waa  of  a  far  higher  order.  It  left  the  religion  it  had  adopted, 
the  civil  law,  and  the  foresliadowing  of  the  great  deeds  that  might  be  ac- 
complished by  tho  white  man  organized  and  united.  To  this,  in  a  more 
[lerfect  way,  the  affairs  of  our  times  are  still  conspicuously  tending.  Wc 
begin  to  hear  of  the  opinion  of  Europe,  the  public  law  of  P'uropc,  expres- 
sions whicii  are  gfiining  each  day  more  and  more  significance. 

In  that  phantasmagoria!  exhibition  whicii  we  call  history,  events  give 
birth  to  events  as  in  dissolving  views,  tlie  phantoms  of  the  ,  .  ,,. 

actors  stalking  one  after  another.  It  is  not  always  possible  cmpiroin  iu 
I'jr  us,  with  the  slender  information  we  possess,  to  determine  ^' 
tlie  time  of  origin  of  each  incident,  or  its  true  and  actual  bearings.  Tlie 
.-secret  liistory  of  antiquity  ia  almost  unknown.  Nearly  every  circum- 
stance in  the  decline  of  the  Roman  empire  waa  fraught  with  important 
consequences  for  modem  times.  Among  the  more  obvious  facta  which 
attract  our  attention  are  the  dislocation  of  the  centre  of  the  einpire  by 
the  tfatialation  of  tlie  seat  of  government  to  Constantinople,  the  conse- 
quent acquisition  of  jwwer  by  liio  bishops  of  Rome  in  tlic  We-»t,  the  in- 
i  cssaat  emigrations  and  invasions  of  barbarians  fi-om  the  Nortli,  the  con- 
(|uests  of  the  8aracens,  from  whom  it  .seemed  at  one  time  that  Kurope 
would  hardly  escape,  and  that  the  threat  of  Muza  would  come  to  pass, 
that  the  name  of  Mohammed  should  be  proclaimed  in  the  \'allcan;  the 
consolidation  of  ecclesiastical  policy,  and  the  repeated  attcmpla  of  the 
('hurch  to  suppress  bflfbarism — attempts  so  eignally  successful  that  by 
the  end  of  the  eighth  century  many  of  those  nations  had  written  systems 
of  law ;  the  separation  of  the  Greek  and  Latin  Churches,  the  The  p*pai 
different  phases  which  the  latter  assumed  as  she  was  atfectcd  Bovemnn-EL 
by  existing  circumstances,  how  she  extricated  herself  from  an  almost 
barbarous  state  after  the  empire  had  failed  her,  how  she  asserted  the  in- 
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dependence  of  the  spiritual  order,  how  she  kept  her  grasp  Qpon  mankbid 

by  the  establishment  of  monastic  institutions ;  how,  after  the  death  of 
Charlemagne,  who  had  done  so  inuch  for  her,  slie  adopted  the  feu'l"! 
systrin,  which  was  the  legiliraale  otfspring  of  Ijarhariam  ;  how,  as  knowU 
edge  began  to  spread,  she  tried  to  render  it  tributary  to  her  by  councilp, 
convocations,  lederationa;  how,findingit  likely  to  bcconac  uacontrolkbk'. 
she  took  tiie  ahirm,  and  in  an  evil  hour  attempted  its  repression:  bo\r 
for  a  little  while  she  became  the  autoerat  of  Europe,  and  in  the  plenitniir 
of  her  power  so  greatly  forgot  her  duty  that,  in  the  time  of  Leo  X.,  it 
was  doubted  in  Rome  whether  the  soul  be  iminaterinl  and  immortai, 
Erasmus  testifying  with  horror  that  he  heard  it  proved  that  there  it 
no  difterence  between  the  soul  of  a  man  and  that  of  a  beast^— of  a  tnilh 
it  WAS  said  that  the  Eternal  City  teemed  at  once  with  all  crime  and  all 
the  glories  of  art — how.  against  the  moral  and  iiiteUegtUal  revolt  wliicli 
she  encountered — the  Reformation— the  Church  made  a  stand  by  theaiil 
of  tlie  Society  of  the  Jesuits  and  the  establiehraent  of  the  Inquisition, 
,  and,  with  a  quick  sense  of  her  true  position^  attempted  lu 

nujiprcwiiae  guide  cliildren  through  education  by  the  former,  and  to  cjiccli 
philoBophy.  ^^^  ^^  ^jj^  terrors  of  the  latter;  how,  as  if  by  instinct,  sIh 
detected  the  antagonisni  of  exact  science,  and  on  the  one  ha.nd  publiehe-! 
her  Index  of  prohibited  books,  and  on  the  other  allied  herself  with  ul. 
cultivating  it  so  eminently  aa  to  compel  even  her  enemies  to  coniees  thai 
she  had  produced  true  miracles  at  last — in,  architecture,  sculpture,  paim- 
ing,  music.  Pius  IV.  was  justified  in  comparing  some  of  her  gran-l 
masses  to  the  strains  of  Panidifie. 

The  mistake  committed  by  the  Italian  govemrnent  in  thus  Mtemptias: 
the  compression  of  human  lliought  was  in  its  imperfect  appreciation  ot 
the  qualities  of  the  European  mind  and  tlie  existing  philosopliical  trati- 
cncy.  Up  to  a  ccriain  point  opinion  may  be  coerced  by  force.  It  i^ 
altogether  a  vulgar  error  that  persecution  never  attains  its  ends,  h 
nine  cases  out  often  it  does  attain  them,  provided  it  is  applied  with  bbI- 
ticjent  severity  and  for  a  sufficient  time,  as  is  proved  by  the  historv  ol 
almost  any  nation ;  hut  in  the  tenth  it  fails. 

Judging  from  the  experience  of  twenty  centuries,  for  that  was  tjtiri*^ 
FaiiiiTu  of  thai  t'l^  period  during  which  the  European  had  been  phUoso)^- 
oJ:ton.t)i.  ing,  the  popes  were  justified  in  coming  to  the  coticluaioa  tluJ 

they  did.  Tliose  eentaries  had  produced  no  philosophy  of  a  sure  wul 
{permanent  kind.  The  only  fruit  which  they  had  borne  was  tlic  meta- 
])liysical  uncertainties  of  the  schools.  There  seemed  no  prospect  that  the 
iiuman  mind  would  ever  do  more  than  tlounder  in  doubt ;  that  acct  afM 
sect,  and  doctrine  after  doctrine,  woiUd  emerge  into  proraiQeiiec  aruS  dlM^ 
|K:ar.  In  such  a  state  of  tilings,  it  was  not  to  be  supposed  that  any  poS 
could  arise  from  attempting  to  control  opinion  by  authority,  and  to  cxtin- 
'jutfih  the  Bpirit  of  inquir)'  by  assfcrting  the  permanent  efficacy  of  &itli. 
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In  thus  i'aUmg  to  recogniae  the  fict  that  things  wore  coming  lo  that 
condition  in  which  the  elements  of  certainty  and  abpolate  philosophical 
truth  would  be  shortly  attained,  the  popes  committed  the  Church  to  aii 
irreparable  error.  They  (Hirilcd  her  authenticity  in  an  unequal  conflict. 
It  might  do  tor  a  little  time  to  deny  and  denounce  the  globular  tigure  of 
the  earth,  but  the  demonstration  of  the  truth  came  irresiatiblv  nt  last ; 
and  BO  with  the  doctrines  of  the  antijiodcs,  the  daily  TOtfitlon  on  an  axis, 
and  the  annual  translation  round  llic  sun.  It  enhanced  tlic  folly  of  the&e 
proceedings  that  they  were,  in  reaUty,  insineere.  Of  the  great  ecclesias- 
tics there  probably  were  none  who  did  not  privately  admit  the  tnith  of 
what  was  thus  conrlemned.  When  the  Lark  Vittoria,  of  Magellan'a 
squadron,  made  the  first  voyage  of  cireumnavigation  round  the  globe,  it 
was  a  high  Churds  dignitarj-,  Cardinal  Contaiini,  who  gave  the  true  ex- 
planation of  the  circumstance,  then  Hrst  remarked,  of  the  loss  of  one 
whole  diiy  in  her  reckoning.  Such  insincerity,  and  the  lssuc  of  these 
and  ether  like  questions,  could  end  in  no  other  way — they  »apped  the 
prestige  of  the  Church.  How  different  would  it  have  been  if  she  had 
taken  the  lead,  and  directed  the  human  mind  in  the  channeLs  through 
which  it  was  destined  to  pass,  instead  of  opposing  herself  as  an  obstacle' 
She  might  have  guided,  but  she  could  not  resist, 

It  is  to  be  remarked  that  the  men  who,  from  the  twelfth  to  the  six- 
teenth century,  diatmgutshed  themsehea  in  precipitating  the  tj^  nefomia- 
reault,  were  mostly  ecclesiastics.  Roger  Bacon  may  be  taken  ^'"''' 
as  the  type  of  them  all.  Their  labors  had  iiO  little  conn^tion  with 
the  lleformation  which  was  headed  by  Luther.  Though  we  are  accus- 
tomed to  regurd  tlus  with  the  qiosC  profound  interest,  a  more  philosophy 
ical  view  of  the  state  of  things  may  perliaps  auggcBt  that  it  is,  in  real- 
ity, only  one  act  of  a  great  drama.  We  should  not  mistake  an  epiaode 
for  the  main  event.  The  Reformation  soon  reached  ita  full  expression 
in  dividing  Christendom.  Geographically  it  culminated  in  1648,  at  the 
treaty  of  Westphalia.  By  the  philosopher  it  will  ever  be  contemplated 
with  unalloyed  satisfaction,  for  it  aaserted  as  its  chief  doctrine  the  right 
of  the  human  uimd  to  judge  for  itself,  a  doctrine  so  unspeakably  precious 
as  to  make  of  no  account  the  inconveniences  which  arise  in  its  practical 
application  from  the  continual  multiplication  of  seels. 

In  the  history  of  the  European,  from  the  time  of  the  Emperor  Con- 
stantine  to  the  eighteenth  century,  the  ecclesiastical  element  influence  rf 
so  greatly  preponderates  as  to  constitute  its  almost  essential  *^''  C'hrisiup 
teatiure:  and^  atter  all,  it  la  imposstble  to  do  justice  to  the  ropi^au  dvitu 
effects  which  ensued  on  the  eatablishment  qf  Clmstiamty,  "'""'- 
and  its  adoption  by  the  white  man  as  his  religion.    The  civil  law  eiert- 
ed  an  exterior  power  ia  liuman  relations ;  this  produced  an  interior  and 
moral  change.    The  idea  of  an  ultimate  accountability  for  praona!  ileeds, 
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of  which  the  old  Europeans  had  an  indistinct  perception,  became  inCKot 
and  precise ;  the  Benliment  of  unirexsal  charitj  was  exemplified  not  otth 
in  individual  acta,  the  remembrance  of  which  soon  passes  awav.  but  in  (lie 

more  permanent  institution  of  estahlislunentA  foi  the  relief  of  ■ffl>r4>w, 
the  spread  of  knowledge,  the  propagation  of  tiqth.  Of  the  great  > 
U^  many  had  risen  irom  the  hurnUest  raaks  of  society,  and 
tme  to  their  deuiocxalic  inatincts,  were  ciftea  found  to  be  the  jwafriiHf 
sopportera  of  ngltt  againat  migiit  Eventually  coming  to  be  the  depofi- 
taiies  of  the  knowledge  tjiat  then  esigtedj  they  opposed  intellect  to  Ink 
force,  in  many  tnetanccs  eucc&ssfutly,  and,  by  the  example  of  the  fnvB&* 
zatton  of  the  Church,  which  was  essentially  republican,  they  showed  bo« 
representative  syatcms  may  be  introduced  into  the  atate.  Sor  wis  ii 
over  communiticD  and  nations  that  the  Chunh  displayed  hw  chief  power. 
Never  in  the  world  before  was  there  swch  a  system^  Fnom  her  cental 
seat  at  Borne  her  all-seeing  eye,  like  that  of  Proiidence  itseli^  coold  eqxuJ- 
ly  take  in  a  hemisphere  at  a  glance,  or  examine  the  private  life  of  aof 
individual.  Iler  boundleaa  influences  enveloped  kings  in  their  pdac»^ 
or  relieved  the  beggar  at  tlie  monastery  gate.  In  all.  Etu^ipe  there  w*& 
not  a  man  too  obscure,  too  insignificant,  or  too  desolate  fox  her.  Sb^ 
rounded  by  her  solcmnitiea,  every  one  received  his  name  at  her  altar;  her 
iM'lia  chimed  at  his  marriage,  her  knell  tolled  at  his  ^uneraL  She  ex- 
torted from  him  thg  sectcta  of  his  life  at  her  confcssionalSf  and  pamshcii 
his  faults  by  her  penances.  In  bis  hour  of  sickness  aiid  trouble  her  serr- 
antfl  fiought  him  out^  teaching  him  by  her  exquisite  litanies  and  piann 
to  place  his  reliance  on  God,  or  strengthening  him  for  the  trials  of  life 
by  the  example  of  the  holy  and  just.  Her  prayera  had  an  efficacy  to 
give  repose  to  the  soul  of  his  dead.  When  even  to  his  friends  his  lifr- 
lesfl  body  had  become  an  offense,  in  the  name  of  God  she  received  rt  iatD 
her  coniBOcraled  ground,  and  under  her  shadow  be  rested  till  tlie  gTtti 
reckoning  day^  From  Uttle  better  than  a  slave  she  raised  his  wife  to  Iv 
his  eqiinl,  and, forbidding  him  to  have  more  than  one,  met  her  recompens? 
tor  thoHC  noUo  deeds  in  a  (irra  friend  at  every  fireside.  Discountenancins 
all  impure  love,  she  put  round  that  tireside  the  children  of  one  mother. 
and  made  that  mother  little  less  than  sacred  in  their  eyes.  In  aeea  ol" 
lawlessness  and  rapine,  among  people  but  q  step  above  Bavages,  she  vin- 
dicated the  inviolability  of  her  precincts  against  the  hand  of  power,  and 
made  her  temples  a  refuge  and  sanctuary  for  the  despairing  and  oppren- 
ed.  Truly  she  was  the  sliadow  of  a  great  rock  iu  many  a  weary  hmd! 
The  ci\'Uization  of  the  European,  so  far  as  it  has  yet  advanced,  has 
been  accomplished  by  the  agency  of  many  different  causes,  foreign  awS 
domestic;  but  among  all  these,  the  institution  of  the  Christian  Choni 
stands  pre-eminent  by  reason  of  the  moral  power  it  exerted,  its  dimdos. 
and  the  aocinl  benefits  It  has  confeiTcd. 
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Out  of  ihe  nuniberleas  blessings  which  have  tliiis  been  conferred  on  our 
race  by  the  Churcli,  the  physiologist  may  be  permitted  to  se-  Tbc  s«i)b«ib 
lect  one  for  remark,  which,  in  an  eminent  manneT,  has  con-  '^y- 
duced  to  our  physical  and  moral  well-being.  It  is  the  institution  of  the 
t^bbatli  day.  Not  that  ttiis  originated  with,  or  is  peculiior  to  ih&  Chrls- 
tinn  fitith,  fiinOc,  as  is  known  to  all,  it  dates  from  llic  remotest  timeB,  tmd 
was  directly  adopted  from  tlie  Hebrew  ceremonial.  Its  sanctilication  and 
enforcement  by  the  Church  was  at  once  an  object  important  in  the  high- 
est degree  in  ecclesiastical  polity,  and  a  boon  to  all  classes  of  men;  for 
in  whatever  jiosition  of  life  we  may  be  placed,  it  13  needful  for  us  to  have 
an  opportunity  of  rest-  No  man  can  for  any  length  of  time  pursue  one 
avocation  or  one  train  of  thought  without  mental,  and,  therefore,  bodily 
injury — nay,  without  insanity.  The  consititution  of  tlie  bruin  is  &uch 
that  it  must  have  its  time  of  repose.  Periodicity  is  stamped  NsCTssiiy  of 
upon  it.  Nor  ia  it  enough  that  it  is  awake  and  in  action  by  F*"°*i'  of  "•*■ 
day,  and  in  the  silence  of  night  obtains  rest  and  repair;  that  Eamc  perio- 
dicity wliich  belongs  to  it  as  a  whole,  belongs  to  all  its  constituent  parts. 
One  portion  of  it  can  not  be  called  into  incessant  activity  without  the 
nsk  of  injury.  Its  different  rcgtons,  devoted  to  different  functioni?,  must 
iiave  llieir  separate  times  of  rest.  The  excitement  of  one  part  mast  be 
coincident  with  a  pause  in  the  action  of  another.  It  is  not  possible  for 
mental  cy|uilibriuni  to  be  maintained  wltli  one  idea,  or  one  nionotonoue 
mode  of  life*  There  is  a  necessity  even  for  men  of  great  intellectual  en- 
dowments, whose  minds  are  often  strained  to  the  utmost,  to  fell  back  on 
other  pursuits,  and  thus  it  will  always  he  that  one  seeks  refuge  in  tlie 
pleasures  of  quiet  country  life,  another  in  foreign  travel,  another  in  social 
amusements.  Pitt  sought  a  relaxation  from  the  cares  of  politics  in  the 
escitemcnt  of  the  cliasc ;  Uavy  found  a  relief  and  conaolation  in  the  rod 
and  line;  and  among  men  whose  lot  is  cast  in  the  lowliest  condition,  whose 
liard  destiny  it  is  to  spend  their  whole  Uvea  in  the  pursuit  of  their  daily 
bread,  with  one  train  of  thought  and  one  unvarying  course  of  events,  the 
same  principle  imperiously  applies.  It  is  often  said  that  the  pleasures 
of  religion  arc  wholly  prospective,  and  to  be  realized  only  in  another 
world ;  but  in  this  there  is  a  mistake,  for  those  consolations  commence 
even  here,  and  temper  the  bitterness  of  fate.  The  virtuous  laborer,  though 
lie  may  be  gi"^oand  down  with  the  oppressions  of  his  social  condition,  is 
not  without  Ida  rchef :  at  the  anvil,  the  loom,  or  even  the  bottom  of  the 
mine,  he  is  leading  a  double  existence — the  miseries  of  the  body  tind  a 
contrast  in  the  calm  of  the  soul,  the  wariiire  without  is  compensated  by 
the  peace  within,  the  dark  night  of  Hfe  here  serves  only  to  brighten  the 
glories  of  the  prospect  beyond.  Hope  is  the  daughter  of  despair.  And 
thus  a  kind  Providence  so  ovemdea  events  that  it  matters  not  in  what 
station  we  may  be,  wealthy  0*  poor,  intellectual  or  lowly,  a  refiigo  is  al- 
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wB^s  At  Land,  and  the  mind,  worn  ont  irith  one  thing,  toma  Uy 
and  its  physical  excitement  is  followed  by  physical  repose. 

By  the  ciiibrcemeiit  of  the  observance  of  tlie  Sabbath  the  Chuitii  gnc 
tnaaeoterf  effect  to  thla  pro\*identiai  system  of  physical  and  mental  le- 
pubUc  worship,  lief,  I  iiave  already  said  that  her  diief  airength  la^  in  tint, 
that  she  concerned  herself  with  the  common  man,  who  never  m  llie 
world's  history  before  had  had  any  to  watch  over  or  to  c^re  for  binL 
She  humatiked  hSni  by  the  devotional  soienmitiea  of  a  sacred  day — * 
day  of  entire  relief  from  toil.  Ignorant  and  rude  though  be  miglit  be, 
it  was  not  possible  for  him  to  enter  her  hoary  temples  without  bang 
made  a  better  man.  The  atmosphere  of  rest,  the  twiUg-ht  streamiiig 
through  the  painted  windows,  the  prayer  in  an  unknown  tongue,  the  slow 
chanting  of  old  hymns,  or  tlie  swelling  forth  of  those  noble  straloa  ol' 
music,  which,  once  heard,  are  graven  in  remembrance  forever — these  she 
had  made,  with  more  than  worldly  wisdom,  the  dcnaents  or  incidents  of 
public  worsliip.  She  gratiJied  the  manly  sense  by  asserting  bclbfe  ber 
altar  the  ecjuality  of  all  men»  by  making  the  vjun  and  transitory  gndi- 
tions  of  soeiety  disappear,  and  by  teiiching  the  lich  and  the  poor,  thr 
great  and  the  humble,  tlieir  common  dcjxfndencc  on  tlie  mercy  of  God. 
Under  her  jKhwerlul  inHucnce,  inarticulate  Nature,  as  if  spellboond,  atnga- 
ed  to  acquiesce  in  the  tranquillity  of  the  Sabbath  day,  and  to  ussome 
an  air  of  rest-  In  the  cottage  they  rose  at  a  later  hour.  The  fatfaor 
cleansed  himself  with  more  than  usual  care,  and,  if  it  was  the  custom 
of  his  country,  shaved  his  face,  perhaps  sadly  neglected  in  the  mtcrren- 
ing  week,  and  dressed  himself  in  his  better  clothing.  His  honest  pride 
found  a  gratihoation  in  the  neatness  of  his  wife  and  children.  His  table 
was  more  bountifully  supplied,  his  heart  humanized  by  the  grateful  Z^ 
hef  from  labor,  and  the  society  and  converse  of  those  dearest  to  him. 
Physically  and  mentally  he  rests,  and  by  that  rest  ia  enabled  to  suataia 
the  cares  of  a  life  of  toil.  It  ia  not  without  a  reason  which  we  may  tnir 
to  our  profit,  that  the  Scriptures  liave  placed  upon  lasting  record  thai 
the  Great  Head  of  the  Church  has  taught  ua  both  by  precept  and  personal 
example  iiow  to  use  this  day ;  and  that,  for  the  sake  of  the  many  gen- 
erations of  laboring  and  weary  men  who  were  to  follow  him,  lie  inflexihly 
resisted  every  attempt  at  encroachment  upon  it  by  the  grim  bigots  and 
h)-poerite3  of  his  times. 

Though  Rome  did  little  for  Europe  in  the  production  of  knowledge, 
_     ,  .. ,       she  thus  served  its  intcrefits  well  in  the  most  vital  resDecta. 

The  civil  law.  j-v-.™. 

bhe  gave  it  her  system  of  law  and  her  rehgioo.  Wilh  tfat- 
introduction  of  Roman  usages  among  barbarians  came  the  Ionian  Law. 
niodil'ying  or  abrogating  the  existent  imperfect  poUties.  To  a  consider- 
able extent,  its  spread  was  due  to  the  inHueiiec  of  the  ecdcaiaeticfl 
the  wants  of  the  rising  municipalities. 
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The  iniiucnce  cxerteil  Sjv  the  Roman  empire  on  the  social  condition  of 
Europe  in  the  two  particulars  to  which  refereuce  lias  been  ,  .  .^ 

made,  the  introduction  of  the  civil  law,  and  the  establish-  MoliagnmedaiiB 
ment  of  the  Christian  Church,  occurred  in  llie  period  of  its  °'^  ""^K' 
decline,  and  waa  therdbre  contemporaneous  with  the  spread  of  Moham- 
medanism through  the  north  of  Africa,  and  the  occupancy  of  Spain  by 
the  Arabs.  To  a  very  considerable  degree,  the  practical  character  which 
European  thought  has  exhibited  m  later  centuries  is  to  be  attributed  to 
the  Arabians,  who  have  justly  been  tenned  the  founders  of  pliyaical  sci- 
ence ;  for  though,  through  them,  tlie  literature  of  Greece  waa  intro- 
duced into  Western  Europe,  the  writings  of  .Vristotie,  for  example,  heing 
made  known  through  an  Arabic  translation,  they  imparted  to  what  they 
thus  gave  tlieir  own  particular  impress.  Being  the  first  founders  of  or- 
ganized institutions  for  the  cultivation  of  medical  pursuits,  answering 
completely  to  our  more  modem  medical  Colleges,  they  attached  to  those 
professional  studies  thetr  own  peculiar  methods.  It  was  therefore  in  this 
way  that  botany  and  chemistry  were  particularly  cultivated,  be-  fhe  Aral* 
cause  they  were  regarded  as  the  foundation  of  Materia  Medica.  s-^wiia. 
Humboldt  remarks,  that  while  the  Europeans  have  been  disposed  to  con- 
nect the  physical  sciences  with  theologyt  the  Arabians  connected  them 
with  medicine,  and  that  through  their  medical  colleges  they  ruled  the 
Christian  schools,  who  looked  up  to  Avicenna  and  Averroes  as  the  great 
authorities  on  these  subjects.  The  most  important  applications  of  tlie 
mathematical  sciences  to  the  purposes  of  life  were  made  by  the  vVrabs. 
Of  this  it  is  sufficient  to  mention  the  introduction  of  the  notation  of  arith- 
metic and  many  instruments  of  navigation,  tlic  former  not  only  fur- 
nishing an  invaluable  aid  in  the  computations  required  by  the  wants  of 
n  commerce  which  readied  from  the  north  of  Europe  to  Mudagasear,  and 
from  the  Atlantic  islands  to  China,  but,  what  was  of  even  more  import- 
ancri,  in  the  progress  of  mathematical  science  itself,  the  latter  tlirough  the 
aid  siibrded  in  astronomical  observations  jwrmitting  the  successful  ac- 
compljphracnt  of  voyages  in  seas  which  even  to  that  time  had  been  little 
frequented. 

It  would  extend  this  chapter  unduly  if  we  were  to  enter  into  any  de- 
tail of  the  special  contributions  of  tiie  Arabs  to  the  slock  of  Eu-  Arab  di«cav- 
ropean  knowledge.  It  may,  however,  be  briefly  remarked,  tkit  ''^'*"- 
we  owe  to  them  our  system  of  universal  arithmietic,  and  even  the  title 
Under  which  it  now  passes,  algebra.  Their  discovery  of  the  strong  acids, 
nitric,  sulphui'ic.  and  also  aqua  regia,  constitutes  an  epoch  in  chemistry. 
The  cultivation  of  that  science  also  was  stimulated  in  no  small  degree 
hy  their  attempts  at  the  transmutation  of  the  baser  metals  into  gold,  and 
the  discovery  of  the  means  of  indefinitely  prolonging  life — the  philoso- 
pher's stone  and  the  elixir  vita;.     In  the  science  of  optica,  the  work  of 
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^Uhazcu  on  refraction  demonstrates  their  cultivation  ot*  clic  inetbods  of 
physical  experiment  and  observation,  and  their  application  of  the  pendn- 
lum  to  the  measurement  of  time  is  even  yet  acJ^nowledged  to  be  tlie  moft 
perfect  contrivance  for  that  purpose. 

In  estimating  tiie  value  of  the  influence  which  the  MoUanimeilans  ex- 
erted upon  the  European  mincl,  we  recognize  its  specific  similarity  to 
that  wUicii,  more  than  a  thousand  years  before,  had  been  communicated 
irom  the  schools  of  f^gypt  under  ita  Macedonian  kings,  Atid  even,  still 
centuries  Lcl'ore  that,  at  (iie  time  of  the  opening  of  the  Egyptian  potts, 
lu  all  threo  cases  iho  tendency  imparted  was  to  the  cultivation  of  the 
physical  sciences,  then  in  their  infancy,  Euid  thereby  to  the  increase  of 
the  material  power  of  the  race.  In  a  very  short  tintE^  inventions  which 
have  been  of  the  utmost  importance  made  their  appearance,  such  as  gun- 
powder, the  mariner's  compoaa,  and  variona  optical  instruments.  It  is 
of  no  moment  whether  these  were  introduced  by  the  enterprise  of  the 
Arabs  from  Asia  or  whether  they  were  of  indigenous  origin  ;  there  cu 
he  no  doubt  that  the  intellect  of  Europe  had  rencheiL  that  peculiar  phase, 
and  the  tendency  of  thought  was  in  tiiat  particular  direction  tliat,  even 
if  these  discoveries  had  not  been  communicated  irom  abroad,  tliey  would 
very  Boon  have  been  made  at  home, 

The  Mohammedan  attacks  on  Europe  were  retaliated  by*  the  Crusades. 
These  strange  wars,  into  which  the  white  race  ]>Iunged,  weir 
instigated  by  the  Roman  government  toward  the   cJose  of 
the  eleventh  century,  and  were  followed  by  consequences  which  their  pro- 
jectors never  expected.     Tliey  precipitated  Uirbaiian  Europe  upon  .;Vsia- 
under  the  pretense  of  resctdng  the  Havior'a  tomb  from  the  iniidel,  "but  ii: 
reality  to  keep  back  t!ic  threatened  tide  of  Saracenic  invasion*  and  to  di- 
vert from  Italy  tlie  restless  miUtary  spirit  that  waa  every  where  engen- 
dering.    No  other  motive  th;m  the  one  tlms  ostensibly  put  tbrth  eoold 
have  brought  the  ferociously  independent  hordes  of  Europe  to  act  to- 
gether.    It  had  been  well  if,  in  ancient  times,  the  emperors  had  been  in 
poaaeasion  of  so  useful  a  device ;  it  iniglit  iiave  saved  the  city  from  somt 
sieges  and  sacks.     As  it  was,  the  turbulent  £tre-am  was  thrown  upon  tbr 
Byzantine  monarchs  to  their  utter  perplexity.      Tiio  Saracens  received 
it  with  amazement.     The  ostensible  causes  which  had  set  in  motion  audi 
a  countless  rabble  of  stupid  barbarians  were  absolutely  incomprehensi- 
ble by  them.     In  their  invasions  of  Europe  lliey  had  carried  the  ItiEht 
of  such  science  as  tliey  possessed,  but  in  tlus  counter  invasion  of  Asiii 
they  were  repaid  with  the  most  besotted  ignorance. 

The  Crusaders  found  that  the  infitlel  they  had  come  so  far  to  encODD- 
inflnent-uoriho  ^'^^  without  provocation  was  valiant  and  poiisheiT,  in  manr 
Cnuadeaen      cases  merciful  and  just.     Their  ideas  of  the  Asiatics  imilo^ 
went  a  great  change  after  they  had  been  in  contact  iriili 
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them  for  a  time.  Tliose  who  lived  1o  return  to  their  homea  from  the 
successive  expeditions  spread  abroad  a  more  enlarged  and  coiT«:t  con- 
ception of  Oriental  comitriesj  evcnta,  and  men,  the  infiaence  of  wlncli 
was  not  lost  to  civil Lzation.  In  Lis  iinprisoninetit  in  tJie  fortress  ol' 
Dicratein,  the  lion-hearted  Kicbard  of  England  doubtleaa  reflected  that 
there  was  more  honor  in  the  infidel  Saladin  than  in  many  !i  Chri&tinii 
Jting*  It  has  not  escaped  the  observation  of  luatoriatis  that  the  frequent 
communication  "which  these  events  established  between  all  parts  of  Eu- 
rope and  the  Italian  court  served  often  to  disturb  the  sentitnent  of  piety. 
T];e  visitors  at  Itoiue  saw  things  wliich  had  been  better  concealed.  Thfitr 
unaffected  simplicity  wag  shocked  by  the  dissipation  and  immoralitieg  in 
high  placea.     They  carried  the  shameful  story  tu  their  bomea. 

Among  the  unexpected  and  lasting  advantages  arising  from  the  Cru- 
sades, not  one  of  wliich  had  been  contemplated  by  the  Itai-  Aj^-an,ag.„ 
ian  court,  may  be  cnuraernted  more  eidargud  and  liberal  views  derived  rrum 
of  foreign  nations,  and  the  importation  of  Asiatic  discoveries. 
From  the  remote  partfl  of  that  continent  embassadors  caine  to  Italy,  and 
enterprising  European  travelers,  like  llarco  Polo,  wandered  in  return  ail 
over  it.  In  tliia  manner  tbo  knowledge  of  the  m«riner'a  compass  wap 
obtained.  From  having  learned  to  employ  their  ships  in  warlike  expe- 
ditions, the  Western  nations  were  induced  to  enter  on  that  career  of  mar- 
itime commerce  which  soon  led  them  to  the  di.^covery  of  America  ami 
the  doubling  of  the  Cape  of  Good  llope,  and  which,  in  these  times,  con- 
stitutes the  chief  feature  of  their  life.  Trade,  which  until  then  had  been 
overland  or  terrestrial,  became  marillme — a  change  rnijjortadt  tO  the  iMt 
degree,  since  it  eventually  gave  rise  to  the  prodigious  development  of 
manufacturing  industry.  Heavy  masses  of  goods  can  never  be  trans- 
ported by  caravans,  though  they  can  easily  in  ships.  The  geographical 
value  of  countries  was  changed.  Kgypt,  for  instance,  lost  her  jKisition. 
not  to  be  recovered  again  until  the  invention  of  the  locomotive^  which 
will  restore  land-transport  to  its  tbrraer  state.  Wealth  poured  into  the 
maritime  states,  and  markets  were  sought  for  all  over  the  globe.  More- 
over, the  separate  principalitlea  and  kingdoms  were  taught  to  act  in  uni- 
son, and  the  idea  of  Europe — united  Europe — was  made  manifest.  A.*; 
a  present  advantage  wa»  realized  the  downfall  of  the  feudal  system,  and, 
as  a  direct  consequence  thereof,  a  redistribution  of  the  populiLiion.  To 
this  systcni,  in  its  tfouriahing  period,  aome  have  been  disposed  to  impute 
many  bcnehls — that  it  originated  our  domestic  manners,  gave  birth  t« 
the  sentiment  of  loyally  and  honor^  cherished  independence,  and  elevated 
fhe  female  ac."c ;  but  these  are  misconceptions  or  exa^erations.  In  the 
last  particular,  the  advantemctit  of  women,  the  merit  is  strictly  due  V< 
the  Church ;  for,  had  there  been  no  other  reason,  the  universal  preva- 
lence of  Mariolntry  throughout  Christendom,  by  dilfusing  a  most  accept' 
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aUe  sad  even  adocaUe  ioMga  ef  ioaalelovefiaeB  asd  Tinae,  -irosU  Imt 
led  to  ibal  resok. 

Itai  £Kr  exoeedii^  t|ie  Cnmda  in  e^iect,  bntv  Ji-*^~^  ia  its^  v^ 
ju^  ^  RDce  it  dircctljr  molted  from  the  looe  of  '^trimf^il  irfaiii  Ik 
jtoidw,  ty      Arat*  had  iatrodtkoed.kstiag  in  the  UiltiMJK.  that  it  has  a- 

^"^'^  erted,  and  will  liireTer  exert  oo  the  destnues  of  the  vUtc 
fW9e,waa  the  dlaoorcrjr  of  AttHrica  trf  the  ^Mraiarda  in  1492.  This  eoa- 
tinent,  four  hnculred  jcai%  before;,  had  been  viated  'optxteSky  bj*  the  Im- 
Unden  aod  Norwegiana ;  bar  the  shores  tbej  diacaTor^d  W-mg  !#■«»  k)»- 
pttahle  and  ItM  temptiDg,  their  expedjtkma  tibtfupported  ^xy  a  powcrfnl 
boroe  gov«mni«Dt,  and  the  results  little  attrscSire.  the  very  rexnemfaraiee 
(rf  tbenj  seema  almost  to  have  paaaed  avaj.  Itad  it  not  been  for  Uk 
magnetic  needle,  and  other  infitrnments  of  navigation  inttodBced  fiom  the 
Fjutt,  the  pauage  c^  the  tropical  Atlantic  could  nerer  hare  been  accoai- 
jjliHlird,  and  probably  would  never  have  been  attempted.  ^Moreover,  w 
must  not  overlook  the  fiict  that  the  rapid  conqucsta  of  the  Saraccxis,  ao^ 
■even  the  Otus,^/^^  themselves,  had  introduced  a  largeness  of  conceptioB. 
and  had  familian^ed  the  pulilic  tnind  with  undertakings  to  be  acooni- 
plislied  in  regions  that  were  Tery  remote.  The  sacceasful  jetam  of  Co- 
lumbuB  from  hia  first  voyage  found  all  Europe  ready  to  raah  into  WmI- 
cm  entcrprifies.  and  tliis  event  may  be  truly  regarded  as  a  grand  epodi 
in  the  history  of  the  while  race,  since  it  more  than  quadrupled  th«  MO- 
graphical  aurface  over  which  they  might  spread,  and  present^  to  their 
utitDotcatcd  occupation  climates  &om  the  equator  to  the  extreme  oottk 
and  KOutli, 

In  tlie  prodigious  emigration  that  ensued,  Spain  led  the  way,  and  i£A 
Colonial  .TIB-  BO  to  her  ruin.  In  vain  she  received  and  scattered  over  En- 
|iiroor»iJi»iri.  jqj^  t]jg  wealth  of  Mexico  and  Peru;  she  gave  in  excbai^ 
for  it  what  was  to  her  of  infinitely  more  value — the  most  enterprismg 
and  bravcBt  of  her  people.  The  drain  of  this  class  produced  an  etifed 
from  wliich  she  has  never  recovered.  It  left  her  without  energy  and  im- 
bcdle,  Irt  Vain  she  founded  a  greater,  and,  for  the  time,  more  progpeniita 
colonial  empire  than  history  haa  ever  recorded,  carrying  her  inHuenoes 
llirougli  a  large  part  of  South  and  much  of  North  America,  from  the  At- 
lantic to  the  Pacific  Ocean.  Her  emigrants,  unabb  to  withstand  the  in- 
tluenccs  of  a  tropical  climate,  and  intermarriages  and  connections  with 
the  nalive  riites  umongwhom  tliey  were  (lirown,  soon  lost  the  enterpris- 
ihat  had  once  distinguished  them,  and  the  descendants  of  the  Spaniard 
in  America  exemplify  at  this  day  the  universal  imbecility  that  is  exhib- 
ilod  in  the  mother  county-. 

In  her  pursuit  of  the  wealth  of  America  Spain  was  a  fearful  oppreafr- 
The  hiuftdo  or,  Bartholomew  de  las  Cass8,the  Bishop  of  Chiapa,  to  nse 
SpwiUh power.  |,jg  Q^y„  expression,  charged  her  "before  the  tribunal  of  tke 
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Universe"  ivilU  doslroyiiig  iiiorfi  than  liftccn  liiUltoio  of  natives  doriiiij 
his  time.  "  The  acrimony  of  hia  style  was  complained  of,  but  the  fact 
was  never  donipd.'*  No  nation  can  practice  snch  atrocities  witli  impu- 
nity. The  day  of  reckoning  may  be  a  little  postponed,  but  it  brings  its 
inexorable  verdict  in  the  end.  The  broad  band  of  ftn  overruliija:  ^ovL- 
dence  is  at  last  plainly  discovered,  impgsing  with  an  anerring  justice  the 
penalty  of  natioiial  crime;  there  is  no  need  for  God  to  hasten:  lie  has 
the  centuries  and  eternity  to  work  in.  Even  now,  13  not  the  Spaiiiiird  in 
the  hands  of  an  iivenger  for  the  Indian  blood  that  criea  tor  retribution 
from  the  silver  mijies?  of  Mexico  ?  For  the  ffiilinga  of  the  individual 
there  is  mercy,  but  in  the  waya  of  eternal  justice  no  mediator  13  provided 
for  the  crimes  of  society.  There  is  an  inflexible  recompense  of  good  for 
good,  and  evil  for  evil. 

The  step  which  the  intellect  of  the  white  man  made  since  the  Itetbrm- 
ation  is  very  strikingly  discerned  by  comjwring  the  natural  ~.  , 
philosophy  of  the  fifteenth  with  that  of  the  nineteenth  ccn-  mi  cb«dgn  in 
tury.  Its  passage  to  its  present  condition  has  been  marked  -""'I*' 
by  &  continual  casting  away  of  tlie  marvelous.  It  is  almost  impossible 
for  us  now  to  realize  the  fictions  which  occupied  the  minds  of  our  pred- 
ecessors. To  "  penetrate  the  seqreta  of  nature"  is  with  Uft  a  meta- 
phorical expression;  witli  them,  a  portentous  and  solemn  xeaUty,  most 
readily  accomplished  by  the  lielp  of  familinrs  and  imps,  whose  services 
might  be  secured  by  forhidden  encltantraents.  The  laboratory  of  an  al- 
chemist was  ill  furnished  which  did  not  possess  in  the  shape  of  an  un- 
gainly and  deformed  dwarf  such  an  aid,  and  who,  if  not  the  incarnation 
of  a  devil,  was  at  least  possessed  by  one.  Operations  for  the  discovery 
of  the  philoaoplier'fl  stone,  the  powder  of  projection,  and  elixir  pf  life, 
were  necessarily  commenced  by  exorcism,  invocations,  and  a  favorable 
aspect  of  astrological  combination.'*.  There  were  seven  planets^  and  also 
seven  iJietala,  and  the  guiding  spirits  which  resided  in  the  former  exeav 
ciscd  their  influence  over  the  latter,  com miuii eating  to  them  their  specific 
virtues.  The  expressions  have  lost  their  signiticancc,  though  tliey  have 
descended  to  our  times,  when  wc  call  a  certain  metal  mercury,  and  a  salt 
lunar  caustic. 

As  Mr.  DTsraeli.  in  hia  "  Curiosities  of  Literature,"  remarks,  whoever 
had  been  a  witness  of  tlie  miracles  of  these  philosophers  might  well  be 
prepared  to  believe  any  of  their  declarations.  He  who  had  visited  the 
dark  chamber  of  Baptists  Porta,  and  seen  with  his  own  eyes  its  fairy 
but  inverted  landscapes,  its  tields,  and  rocks,  and  rivers,  and  the  moving 
forms  of  men  and  animals  in  their  proper  colors  and  indescribable  charm 
of  light  and  shade,  the  clouds  and  eky,  the  magical  spectres  of  things 
which  the  fingers  could  not  grasp,  a  perfect  but  artificial  day-dream,  might 
surely  feel  justified  in  also  believing  in  the  enchanted  mirror  upon  which. 
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if  a  man  looked,  Im  would  find  rpflected  all  the  future  eventa  of  his  life. 
He  who  had  seen  the  pliantaamagorLa  cast  upon  smoke  in  these  tnyate- 
nous  laboratories,  now  so  little  that  the  eje  could  scarcely  discern  theii 
form,  and  nOW  expanding  to  a.  gigantic  Stature  and  rueliiiig  tortli,  wu 
dulj  prepared  to  credit  the  legends  of  l^razen  men  who  could  speak  and 
even  prophesy,  nay,  whose  limbs  would  continue  to  grow  unless  the  de- 
mon that  posBCBscd  thcni  was  ca.st  out.  A  vial  of  that  which  we  cjlU 
ammonia,  the  mere  amclling  of  whicli  can  recall  one  from  a  swoon,  wu 
a  very  fair  earnest  of  the  elixir  of  life.  No  prodigy  was  too  great  to  be 
Lelievcd.  As  in  drcaiua,  nothing  was  too  impossible,  nothing  too  ctm- 
tTBdictory,  3Ien  who  could  make  tkeinselvea  invisible  even  without  the 
romantic  aid  of  a  ring;  incombustible  sages  who  could  wash  themselves 
in  melted  copper,  and  sit  at  tb&ir  ease  in  Earning  straw ;  alchemiiits  in 
possession  of  the  philosophers  stone,  but  their  stomachs  as  empty  as  their 
hollows  ;  monks  carrying  about  fairies  shut  up  in  glass  vials,  into  wluch 
Grndujii  flU*t'-  ^lii^y  ^i^"!  t^^ti  dccoyed  by  distilled  dcw ;  salamanders  which 
Ijrarantc  of  ere-  Imd  bocu  engendered  in  a  fire  maintained  without  ever  cp- 
" '  ^'  ing  out  for  forty  years ;  a  rain  in  Egypt  in  which  there  fell 

multitudes  of  little  men  of  less  than  one  span,  clothed  in  black  garracDts, 
and  with  mitrea  like  bishops :  these  were  all  facts  in  the  philosophy  of 
that  day.  The  explosions  and  choke-damp  of  mines  were  not  dtscntao- 
gled  from  spectres  and  faces  of  abominable  appearance  which  had  been 
seen  in  those  subterranean  solituJes  by  numberless  mtnesses  until  thi- 
dawn  of  pneumatic  chemistry.  The  palingenesis,  or  resurrectign  of  roec? 
and  apparitions  of  flowers,  so  acceptable  in  doctrinal  theology,  coiiliDOod 
to  be  received  until  crystallography  was  cultivated.  These  wondcra  ban 
ail  passed  away. 

The  character  wliicli  marks  this  change  is  the  gradual  dropping  of  mys- 
tery and  the  Bupernatural.  The  same  caxecr  is  tbllowed  from  iniancy  to 
maturity,  both  in  the  individual  and  in  society. 

It  13  not  necessary  to  pursue  any  further  this  historicnl  outline,  h 
would  bring  us  to  events  which  can  scarcely  be  spoken  of  with  correcl- 
neas  and  impartiality,  on  account  of  their  nearness  to  our  own  time. 
Here,  therefore,  we  may  pause,  to  collect  such  inferences  and  present  sach 
reflections  as  the  facts  We  have  ottered  suggest. 

It  may,  then,  be  obser\'ecl,  that  the  old  white  inhabitants  of  Karope 
Piiviiglo-ica]  '^^^'^  ^^^  ^^^'^-  ti^  commence  their  ci^nlization  from  their  OWB 
chnngfl  of  Eu-  interior  resources,  but  were  thrown  into  that  career  by  the  ex- 
roppftii*.  ample  and  aid  of  a  more  aoutljcm  and  dai'ker  people,  whose 

climate  was  more  favorable.  The  artificial  change  which  spread  by  de- 
grees over  Europe,  through  the  introduction  of  more  comfortable  modef 
of  life,  at  loat  compensated  for  th&  catutal  climate  defect,  and  the  £tm- 
pcjtn  entered  on  the  course  of  advancement,  undergoing,  as  we  hiive  seen 
in  the  last  chapter,  a  physical  as  well  as  a  mental  change 


EFFECT  OP   MOUAMMEDANISM   OS    EUROPE. 


635 


Gontemporaneoua  with  the  coTumencetnent  of  tliis  physiological  and 
psychical  change  was  the  inttoduction  of  a  method  of  record  itfa„i(ufti,B 
by  wilting,  which  at  once  aided^  In  the  most  marked  maimer,  intKni  action  of 
the  dkHcmioation  of  this  improving  condition,,  especially  by  ""^"''^■ 
leading  to  tiie  consolidation  of  society  through  the  introdaction  of  darable 
systema  of  law.  By  this,  the  induenco  of  men  and  of  generations  "waa 
indefinitely  extended.  The  opinions  and  thoughts  of  those  times  ha^-e 
actually^  in  many  instaiicea,  descended  to  us.  Elsewhere  "we  have  dwelt 
on  the  f  icl  that  these  eftccts  in  the  progress  of  humanity  are  foreahiidow- 
cd  and  illustrated  in  t!i0  course  of  individtial  developtnontr  A  high  pay- 
cliical  conditiou  demands  us  its  essential,  both  in  the  individual  and  in 
the  race,,  a  mechanism  of  registry. 

From;  the  preceding  imijcrfect  narration  we  may  moreover  gather  that 
tlie  progress  of  civilization  iu  Europe  has  not  been  in  the  way  Cenireofmiel. 
of  a  ditfuaion  from  a  central  point,  but  that  there  has  been  a  '"**  "^fE"™?* 
shifting  of  the  centre  of  intellect.  For  a  length  of  time  it  was  in  Greece; 
rlien  it  passed  to  Italy;  in  out-  times  it  is  still  more  to  the  west.  In  a 
philosoiibical  respect,  the  result  of  Slohammedanism  ou  Europe  has  been, 
llirough  the  inlroduction  of  physical  science  by  the  jlrabians,  to  coalesce 
the  centre  of  intellect  and  the  centre  of  force.  Ilencefortii  upon  that 
continent  physical  power  must  he  subordinate  to  mtcUcctual. 

In  this  we  sec  what  is  the  true  interiDrctatioii  of  tlio  influence  which 
Mohammedanism  has  exerted  on  Europe — an  influence  which,  j^tf^ci  otUo. 
though  popolarly,  is  very  unworthily  represented  as  an  oc-  h-min-'rianiKm 

•  i^ci      -     ^  /  ^    ■  3.-L  .  i-i-i  wi  (lie  ctntM 

cupation  of  Spain  for  a  tew  ccnfunes  and  the  capture  of  Con-  ,.f  inuDcci  tf 
stantinoptii,  In  truth,  it  was  of  a  far  higher  and  very  dif-  Europe, 
fercnt  order.  The  Koran  of  the  Arabians  failed  to  make  its  way  through 
Europe,  but  it  was  Very  different  with  the  physical  science  of  the  Aiabi- 
aiia.  Its  spread  was  the  true  founilation  of  modem  national  power,  for 
it  at  once  occupied  itself  witii  the  development  of  material  resources  and 
ihc  introduction  of  usetiil  inventions.  The  manner  of  thought  it  engen- 
dered lies  really  at  the  basi3  of  the  great  intellectual  controversy  of  our 
limes.  The  translation  of  the  centre  of  intellect  from  Italy  to  the  West 
ia  the  legitimate  issue  of  the  Moorish  invasion  of  Spain. 

As  regards  that  propensity  to  the  decomposition  of  every  thing  into 
its  constituent  elements  which  is  the  tendency  of  the  Euro-  Rudnit  of  tbe 
pean,  tliough  doubtless  it  has  its  disadvantages,  we  arc  not  "i»bfji"'>«"'l- 
lo  suppose  that  it  lends  of  necessity  to  an  intellectual  chaos.  ro|.p(in  iiuad. 
Those  authors  who  view  ivitli  dismay  our  present  state,  who  represent 
US  as  though,  both  in  polity  and  religion,  "we  were  cntmhling  to  pieces, 
and  that  the  multiplicity  of  opinions  and  sects,  which  arc  ever  on  the 
increase,  is  the  precursor  of  a  universiJ  anarchy,  liave  never  duly  con- 
sidered that  out  of  such  a  sinto  it  is  posgiblo  in  an  instant  for  fixed 
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prini;iplc3  oi'  orJer  to  enterge,  ctid  this  not  liy  any  proceas  of  comprcscion 
or  suppression,  but  spontaneously  in  tlie  natural  w)urse  of  events,  in 
the  nutaet  of  this  brief  historical  description  I  have  alluded  to  tlie  adop- 
tion of  alpUabetic  writing  in  Europe  aa  a  signal  illustration  of  the  mental 
pecTiliarity  of  the  inhabitants ;  this  way  also  serve  to  niake  dear  tlie 
paradoxical  assertion  tliat  systems  founded  on  indefinite  subdivision 
may  suddenly  tree  themselves  from  complexity  and  become  simple  and 
perspicuous.  On  a  superHcial  consideration  of  the  thing,  one  mig-ht  iin- 
n^ne  that  to  decompose  articulate  Bounds  into  their  constituent  syllnblea, 
with  a  view  of  representing  those  syllablea  by  symboU,  would  be  at- 
tended with  a  prodigious  complication^  and  that  such  is  the  caae  the  Chi- 
nese have  foTind,  who  have  pursued  this  plan  in  its  detail?  until  it  is 
said  that  their  alphabet  contains  SO,0(M>  letter?;  but  still  more  would  it 
be  8Up{x>sed  that  if  those  syllables  were  in  their  tum  decomposed  into 
their  constituent  parts,  the  required  elements  would  be  utterly  unman- 
agcablc  by  reason  of  their  number,  and  the  art  of  writing  utterly  imprac- 
ticable ;  yet  do  we  not  find,  on  the  contrary — and  it  may  be  an  instruct- 
ive lesson  to  us^ — that  when  the  decomposition  is  thus  pushed  to  its  t?x- 
treme,  instead  of  mjTiads  of  characters  being  required,  as  we  might  have 
plausibly  expected,  an  alphabet  of  20  or  30  letters  is  all  wc  want  ?  The 
state  of  opinioa  iu  Kuropc  is  illustrated  by  the  state  of  writing  in  China. 

In  view  of  the  facta  presented  in  llua  and  the  foregoing  chapter,  wo 
may  come  to  the  general  (.-onclusion  that  the  extremes  of  humanity,  which 
are  represented  by  a  prognathous  aspect  and  by  a  complexion  either  vety 
dark  or  very  fair,  are  equally  unfavorable  to  intellect,  which  reaches  its 
greatest  pertection  in  the  intermediate  phase ;  that,  even  in  the  condition 
which  was  presented  by  the  inhabitants  of  Europe  three  thousand  years 
ago,  no  advance  in  civilization  was  possible,  save  by  first  accomplishing 
Oondiiiim.  of  ^"  absolutQ  phyBical  cliange  in  their  conptitution  through 
Europcnnim-  niodificatious  in  their  habits  of  life  equivalent  to  a  trae  cli- 
jin)v*mi;tii.  j^fijg  change — a  preparation  for  a  higher  mental  development 
by  an  amelioration  of  their  condition  of  life. 

The  civilization  of  the  European  could  never  have  been  accomplijh«cl 
save  by  preparing  the  way  through  such  a  physical  change.  It  (bllowed 
ihat  change  in  the  manner  that  ctfeet  follows  its  cause.  Its  incident  wa? 
ihe  transformation  of  the  fair  race  which  then  occupied  all  Europe  to  an- 
other of  a  darker  hue ;  the  extinction  of  the  disappearing  people  not  be- 
ing accomplished  by  such  means  as  an  extermination,  after  the  manner 
in  which  the  North  American  Indian  is  dying  out,  but  by  a  slow  and  true 
metamorphosis  into  another  ibnn. 

Advance  in  civilization  takes  place  during  such  a  metamorphosis.   Asia. 
SutbuBFj-con-  which,  at  an  early  period,  must  have  exhibited  n  mental  de- 
velopment of  great  rapidity,  lias  long  ago  become  sta-tionarr- 
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In  her  physical  life  there  is  no  change,  and  hence  none  in  her  intellecl- 
miL  Her  wandering  central  tribes  encamp  on  the  steppes  in  the  same 
felt  huta  that  their  ancestors  did  two  thouaand  years  ago ;  her  southern 
people  never  vary  their  customs.  That  which,  in  a  pbiiosopbical  respect, 
is  the  most  important  condition,  domestic  economy,  has  undergone  no 
kind  of  modification. 

But  with  us,  how  different  I  The  hardships  of  life  liave  to  a  very  great 
extent  been  removed,  and  we  are  familiar  with  a  degree  of  comfort  to 
which  our  predeceasors  were  wholly  strangers.  Not  tliat  we  have  been 
tireed  from  all  triala  j  it  has  only  been  an  exchange  of  bodily  sufferings 
for  mental  anxieties.  Our  liigher  condition  haa  created  new  wants  and 
new  sources  of  pain. 

"With  the  transformations  tlirougb  which,  as  a  race,  we  have  passed, 
Aud  with  the  assumption  of  that  analytical  mental  character  A-lvuinagca 
to  which  I  have  referred,  there  has  been  gained  a  capability  arisinpfrom*!* 
of  indefinitely  modifying  our  state,  and,  therefore,  of  iinprov-  m-^ni*!  wnjti- 
ing  it.  It  is  tliia  which  pre-eminently  diatinguiBhea  the  Eu-  "^'™' 
ropean ;  that  whatever  Bcientific  discovery  he  makes,  or  whatever  inven- 
tion occurs  to  him,  he  forthwith  applies  it  to  economic  advantage,  and  is 
thereby  perpetually  impressing  a,  change  on  his  own  state.  In  this  re- 
spect, even  a  single  generation  often  suffices  to  show  the  advances  wliich 
are  made.  We  have  oidy  to  recall  the  greatly  improved  nicaiis  of  loco- 
motion ;  the  instantaneous  transmission  of  intelligetice  through  many 
thousand  miles;  the  development  of  industrial  art,  and  the  rendering 
available  mechanical  powers  fiijr  many  new  piirjKiaoa,  which  have  been 
achieved  in  less  than  a  single  century.  Nor  does  there  aeetu  to  be  any 
poasible  limit  to  human  advance  in  this  path. 

Since  thus  the  mind  of  the  European  is  ca.sentially  anal^'lic,  his  ad- 
vance in  civilization,  as  it  were  in  a  geometrical  progression,  ja  the  neces- 
sary consequence  thereof-  If  we  examlno  his  career  in  subordinate  par- 
ticulars, it  illustrates  equally  bis  mental  physiognomy ;  it  is  the  same 
whether  we  look  to  Ids  passage  in  philosophy,  adcncer politics,  or  religion. 
If  I  may  be  permitted  without  offense  so  to  say,  his  divergence  from  a 
single  Ibnn  of  faith,  the  springing  up  of  those  numherlesa  denominations 
and  Bccts  wliich  constitute  the  most  obaen'able  feature  of  his  present  re- 
ligious state,  is  a  result  which  lie  can  not  help,  for  it  is  tlie  consequence 
of  his  organization.  Tilings  which  were  possible  in  the  eighth  century 
had  become  impossible  in  the  new  state  of  the  sixteenth.  And  so,  too, 
it  is  in  lus  political  relations. 

Herein  conuiata  the  aujMriority  of  the  analj'tical  over  the  synthetical 
mind.  To  the  work  of  him  who  jmUa  to  pieces  tlieris  is  no  end,  but  he 
who  puts  things  together  comes  to  on  end  of  bis  task. 
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BliMKllc'ttiug,  reduction  of  TftDflperaCure  ty, 
1^4. 

BliHMl-vtiNMiK  origin  of,  528. 

BlHi:n4.-iibikcVti  meihod  of  examining  the  elcull, 
C82. 

Bone,  2r>3;  MiurccfiafiSsT;  cuai{)U3itiou,2i:>4:; 

proivlli  of,  ioti. 

Boaito,  177. 

Buitssiiti:aiili  on  expiration,  30 ;  on  gum,  73 ; 

an  rat,  :)9,  asjp. 

Bovibtu  KigatLluum,  88. 

Bowmaii  on  kidney,  '^2$. 

Brjilimin,  i^i73. 

BrAiii,  313.     Sue  CGrebruin  And  CcrebelluTO. 

Brazen  m-un,  (j34. 

Bread,  ^S  ;  o&e  uf  butler  on,  34  ;  making  of, 

iUui3truces  dij^estion,  78 ;  sets  free  B]«}hol, 

79. 
Brcntb,  tho  nrEt.ltS, 
BrcmhiH^.  act  of,  ICG. 
BrigliE  on  pun-irrtu?,  71. 
Bronchial  tiit)C!i,  159. 
Browii-Senoari)  on   muscle,  443 ;   oo  rigor 

moniii.  443  ;  on  spinal  rord,  299. 
Brucliiutu,  iiiirdcti-i  of,  Gi^l. 
Biid,  itM  nmurp,  iiy,K 

Bnddini:,  lG'.\^:it>;  n|>n)duction  by, 495,  fi^. 
Biiffi)n  on  iiifiimy,  fibii. 
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Bal^  coUt  114. 
Burning  leiiK'6,  401. 
Butter,  makJo^  of,  31. 

c. 

CA,t,lFORKrA!(S,  57C. 

Calorilic  hj^Rithciis  of  rijion,  693. 

CalorifjK'iL-ul  digestion,  68. 

CiiniclopBrd,  41*1- 

Utimcra  ubKciira.  381. 

I'lniiiptr's  nii^lliod  uf  exiunitiing  ckttllm,  B8t, 

(.''nil'Blic'uli,  2.^3, 

Cu.nals,  heniii-itrnlar,  ars, 

t'tijic  of  Good  lIo|ie,  Jiji-oTCry  of,  34,  C3I. 

CB.[>e  Hyras,  stomacli  of,  .5!l. 

CAPiLLAsr  VKEBtiLB,  IsV,  141.  160;    movp- 

ment  of  bluiMl  in,  UTi  -,  «f  miiM-lc,  4&9. 
Capillary   nlisfirptton,  1U3 ;    uMrai'ik.>n,  104; 

{jFOjKj»j lions  res]iei'tinti,  lOS  ;   muliiJri,  131. 
Capiltan'   rirculHlinn,  14:f ;    iiherioni^mi   at, 

145;  \n  acardiiiL'  fuiu-s  144;  in  adidtjrua, 

14^  |:  local  cxcLtetncnl,  144. 
Cuiioliydruic^  71 :  luni  into  fat.  Al  ;  nuke 

up  delii-ii  oraltiiiincn,  S'J, 
Gcrbiiiiii'UL'iJ  uKcri^riim,  104;  Bonrrcat  of,  IM. 

253;  iwtrodm-es  oKvgcn,  lljJS;  deci>mpo*M 

by  li)j;lii,  IS  I. 
CflrciiLUB  nufnas,  .IIO. 
Career  of  mnii,  (Jl?;  uf  organic  form.  4^1). 
Cwroivnm  tuKMime  tliL-ini^Glvps,  JG;  jibriaof 

thi^ir  bl-iK^d,  1  <j:[  ;  find  fiat  in  ilieir  food^  SfH.     H 
Corp.  lun^;  uf,  l<i7.  ^ 

CATpcittcr  on  uunoui*  eysicni,  2ri9  ;  oti  ten- 

fioriuin.  319;   on  flnulL^tiT  between   npiosl 

and   ve-ntral    cord*,  >H>T;    on    generation,      ^m 

mi.  ■ 

Casein,  Ito,  SI.  391 ;  prc-e^sts  in  |>liutts.  Sfi :     ' 
cbfljigoi   into   (ibrin,  85;  di<«oIr^   pluw- 

phnic  of  lime,  Sfi. 
Coslkbuildins,330. 
Catiun'Quia,  A19. 
Cftadate  »i:sioles,  2G4. 
Causvs  t>r  sleep,  .1.'>2, 
Cell?,  |iriniorUial,  4^1^;  simple  and  nncJe* 

iiU'd,4tl2.  itUiinial,  4Dlj ;  cirruilalion  in,  I3S. 
CeUi  of  bliMTid,  ll«;  M.*o»  of.  i2!>;   uomben 

of,  iu  diffurcnc  miiinal«,  l:;t. 
CaUb  of  kidney  rcuiuvc  tiuoxidutcd 

223. 
Cellei  in  lungs,  IGO. 
Cells,  ncni\  204. 
Cellulose,  71. 
Centre  of  intellect,  63.1. 
Centres  of  ocrvca,  2ftO. 
Ceuiripeud  and  centrifuinl  fibres,  265. 
Cupliulic  ganglia,  271,  Gi>7. 
CEftJsnKLLUM,  ,^22;  ^«v«Topinont  of.  314 :  •>• 

pcrinieiila  on,  323;  Hiructuro  lUld  fltnctioB 

flf,  STi. 
Cerebral  siiglii,  401. 
Cercbro-spiiial  fluid.  32f;. 
UEBKAUtrM,  eiriK-tnrc  of,  ^17;    dc'clcniineni 

of,  314;    a*i«etts   of.  311!  ;    [rocrit   ol;3i>; 

RttDglin  at  tflw,  319:  ucight  uf,  3Si»i  tt- 

■nonjiberic  pressure  on,  826. 
CbeCse,  tiutkiiig  of.  31. 


I 


■ 

^^^^                              INDEX.                                                         641           ^B 

ChcHtlf]£iL'sciuQOfciiUTUt,4lO;  onttisew, 

ConjugitttioDttnadiAcatioti  of,  515,                          ^^^H 

3S5, 

Consoniuitii,  SSfi;  Kxploaive  and  ^ntinnfnii,                 ^^M 

Chem.tT|wor,  161. 

H 

Chilians,  ri7G. 

Constant  ncitiporainrc,  proUem  of,  17G.                         ^| 

C'lintptU'E'ee,  ■'i8I. 

Const  i  til  ctit«  of  [iliinu,  lu.niri'es  of,  4fi3 ;  of  the                 ^^^ 

Chintie,  ii"4;  writilip,  63fi, 

bloiid,  I'^niCtiotis  of,  l'2't.                                                 ^^^^^ 

Chiiin  in  wines  of  iiiHct^U,  Tl. 

ContaTiiii.Ciirdiniil,on<:in:uniituvi|^tion,  62n.          ^^^H 

Chioriae  and  hydiugen,  4T1. 

Controctilo  tilirc-'CiilU,  XAH.                                    ^^^H 

Cholppvrrhin,  124. 

ConthjIctilitic  of  muscle,  442,443;  luitarc                 ^^M 

Cli«Icm,c[rcci  of,  22. 

of,  442.                                                                              H 

Chfllcstcrinc,  27G, 

Cotitntcdon.  liTjwihc^ii  of,  4i)l;  bv  water,                ^H 

Cbondit  doivnlU,  fi28. 

451;  by  touch,  4G2;  after  death,  444.                      ^H 

Charioii,  f»23  ;  vIiEUif!;es  in,  GS5. 

Control  of  beat  by  nerval,  1^0.                                      ^^^^H 

rhoroid  coat,  3N4  ;  fiiiii^linit  uf,  3iH. 

Convertiin^  mcdtu.  'AVil,                                         ^^^^M 

CIhjssuI  on  inanition,  IJ-f, '^13. 

Cooiiag  a^acithf  184.                                            ^^^^| 

CHm8TiA<iCBTiKCii,62Et;  sfireadof, in  Amer- 

Cord, »piniLl,  294;  conduction  br,  21K).                     ^^^^| 

ica.  5fl6. 

Coniea.084.                                                           ^^H 

Chromatic  Bbeiratinn,  a8B. 

ConiUiiclc;^  of  milli,  ZS'i ;    of  fat,  iVi :    of            ^^^| 
blood,  Ellj;  Dfii^n  of,  101,  115;  coIotIctm,                   ^M 

Chronometer,  illioitrution  of  lignrt  hjr,  140. 

CnrtE,  53  ;  nbsorplion  of,  87 ;  cniiSCl  of  the 

93,  ]  15  ;  of  clvle,  03,  143 ;  pro;>onion  of,                  ^1 

flow  of,  60 ;  C'lmpi^ilion  of,  ^2  ;  rarpiHClus, 
first ii]i|>eam]i(;e  of,  iS-i;  cmtiou  of wUflnLod 

^M 

Cotyledons,  !f2G.                                                    ^^^M 

iicctii^  Acid  on,  ^4. 

Couch  on  m.etaiuorphoiis,  GIO.                                   ^^^^| 

Chvine.  Rfl. 

Couri«  of  the  bilv,  Wi,                                          ^^^H 

Cilin,  431. 

Crab.  (Hliblc,  51 0.                                                   ^^^1 

Cilialcd  animaride,  432. 

Cranial  ncFvCA,  333.                                                            ^^^H 

ClBCUl^TION,    115;    objflEts    of,    111,    131; 

Creatine,                                                                       ^^^^H 

changes  during;,  126;  -cuurFe  of,  134;  in 

Creiicc,  pa.'^'^FiiJK  of  wAter  through,  106,                  ^^^^| 

lilautB,  13^  j  in  lower  animiLls,  l^tG;  nttiuin 

L'lnmc,  tendency  tu,  MS.                                       ^^^^M 

of  heart  in,  I3&;  souniU  of  bCnrt  in,  I3U  ; 

Cris<;s,  rbati^  by,  US-,  4H(.                                        ^^^^H 

ocn'nii9  inSuquce till,  140;  fa'ial, 'ill  1 ;  jjl.t- 

Cms  cerebri,  314;  cerebelli,  314.                              ^^^^H 

ccntiil,  627;    portal,  134;    connQcriuu    vf 

(.'ruisodcd,  630.                                                              ^^^^1 

parts  bv,  112;  dqicndewQ  of,  on  respira- 

Crystalline  lenfb,  3B0.                                              ^^^| 

lion,  133. 

Crystuls  of  blood,  ]  )9.                                                       ^^^H 

CiTil  law.  62«. 

Cutaneous  abwi^tioo,  OS.                                       ^^^^| 

Civiliznrion,  effect  of  rfltniiUi  on^  59d  ;  com- 

Cnvior  on  orj^nniKinn,  46C                                      ^^^^| 

purcii  with  barliarism,  filH- 

Cycles  of  pro^rc»8,  &12.                                               ^^^^H 

Clossili'cnti'OU   of  natural  bialoij,  SOS  ;   of 

^^^^1 

sknll^,  Trgti. 

^^H 

riiinotcS,  bolanicall,  481. 

Clock,  illattmrkm  froni,  485. 

Dalton  on  corpus  luCeom,  5S3 ;  on  diffusion            ^^^H 

• 

CuneuJliitiuTi  of  Mood,  I  ID. 

^^H 

Cochlcn,  am,  aG«  i  coiiiimriLtivc  tkciatamy  of, 

Daubenton  on  «kutl,  580.                                         ^^^H 

373. 

IJjivy  ou  nnimnl  hen),  176;  on  merohiatn,                  ^H 

Cislioi.-  axis,  mmilicntimi-i  of,  i\). 

^IJ3 ;  on  protoxide  of  iiitrogQii,  4 12.                           ^^ 

Coinaizc„  tmrnilurtiiin  of,  IrL't), 

Ucafnc^  in  divin^'-bell,  SliC ;  partial,  of  info-                  ^H 

Cold-Wooded  animals,  172.  176. 

rior  animal^!,  877.                                                             ^H 

Col(iriil[2e  on  dreairi!',  fii'ifi. 

JJeatli,  fiGO;  froin  accident  l>nd  old  ago,  5Cl.                  ^H 

Collndon  on  diviiiu-UilI,  36<t. 

Decay,  243.                                                             ^^H 

Color,  oripin  of,  fiM. 

Deccpiion,  4<H;  of  tomrh,  421.                                  ^^^H 

Coloreii  riivH,  ctfe-ct  of,  4fll. 

Deleau  on  the  voiee,  Si'iG.                                           ^^^^H 

Colostram,  ytii". 

|[)i>BFar<e!i  on  insects,  GOlt.                                           ^^^^H 

Coiiibunrinn,  artififiiil,  17;  oipMiif,  17,  l8. 

Di^i^cTnt  of  sa|j,  cauKts  uf,  87,  ]Sli.                            ^^^^M 

Commeroe,  origin  of  EurupeaQ,  tilU. 

l>GTprtt2  oti  animal  hi>at,  1H2.                               ^^^^| 

Contniinution  iniiiruiiicn,t»,  40. 

I>eut«Qi>cplialo>D,  392.                                                         ^^M 

CoJiimi-isures,  function  of  iien'Otis,  2&0. 

Di;vei.opM£NT,  &09 ;  of  the  eu,  878;  of  the                ^M 

' 

Conii>araiive  bistory,  61  a. 

eye,  380 ;   of  muscle,  440 ;   tfeomcthcal                 ^H 

C'omjiiiilnieuts  of  nunin&nt's  sEdmacb,  60. 

modes,  447  ;  of  bird,.  B5  ;  of  heart,  ISTi.                          ^^t 

Conii-k'HR'ntftl  air.  165. 

risplirsgtn  movemi-ntji,  ml.                                      ^^^^^ 

C^mpti'Nioii  of  iDATi,  u71,  6T&. 

UiAHOHsalivairo,  4.t.                                             ^^^^| 

C-oiicejiiLon,  ,'i30. 

»i«t.  34.                                                                 ^^H 

CondoTisiTig  action  of  membranes,  155. 

I>iirercncc»^  in  men,  r>l^-                                              ^^^^| 

CoBclitiion  of  dreams  ."mW. 

DlFFKK^NTIATlOU,  bOffi    CSHSfM  Of,  flOS;   ID-              ^^^| 

Condorcet  on  dreams,  5.>U. 

Hncncc  of  h«U  on,  603  ^  epodu  t>f,  504  ;                 ^H 

Conduetibililv  in  ncnes,  26u. 

(lelinetl,  .11 1.                                                                     ^H 

Conferva,  495. 

DiFrirsioH  of  tiase;*,  152;  force  of.  153, 156 ;                 ^H 

Conge liuion.  |n?r)>efnnl,  473. 

s 

geutriil  fuels  of,  15l>;  ctfuKl  of,  101'.                              ^H 
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EHffnaion  of  inBnence  in  gmnol&r  nerve  mB- 

terid,  263. 
Die tSTiuN,  nature  of,  Ifi,  10,52, 63 ;  object  of, 

6l,liL)j   liiHtUgeROlic,  UHl;  c«.lari1ucien[,  tU(; 

K  lawbtHiicai  ftiicl  thcnukiU,  fi7i   lioubK', 

4G :   jinH^csscs  of,  iifi  initaitvniioi],  40,  Hi ; 

de|i;lnIi[iuTl,  -tfi;    pD5Sii<iA   ifllO   (lll{)dle:111im, 

62,  B7  ;  [UBssapjj  aloiif^  intestine,  67. 
Diponioii.  nrtitiaiil,  !t2,  tti. 
DigQsciun  of  guuL,  71 ;  of  cvIIiiIobq,  71 ;  of 

eiiarb,7'i-,  ofsuciir.72;  offul,76;  inlOft- 

tiiifll  and.  atomutji,  nonTrnstod,  81. 
Digestive  irftct,  diW^ionei  of,  tH:   of  inncct, 

ftS;  ofvflrioiuiuiiniivli<^5!l)  juices,  their ur^ 

vnaic  iu^redicDt,  77 ;  iJowcr  iujurcd  by  sal- 

ivn,  50. 
Discn  of  niufiFular  fa^LcuU,  43fi ;  of  blood, 

BOO  Cells, 
Ducua  [iroli^ruii,  3'JO. 
DiBtritiatiuu,  vcnii.'!i],  O'f  plimts,  173 ;  of  hem, 

473. 
Diamol  nnirraut  of  »ir  nscd,  16fi. 
Diump]  viLTiniions  of  bent,  1T& 
tJonnti  oil  salivQ,  44. 
D'Orbi^oy  on  Inca  [odiatLS,  487. 
DorniuuEi^,  stoiRftcb  of.  5i>, 
Dorsal  cord,  2il3;  taiiiiiiri,  fi27. 
Double  triLiriit  of  tliijiiglil,  aiJil. 
Doulilencs*  of  Lmin,  Ut'?. 
Douler's  c.\|«riincntB,  444.     ' 
DrQ|Kr,  J.  C.^  on  rc^^piraiion,  1(18,  S39  ;  on 

urea,  220. 
DreiLnii[]g,.J>55. 

Drnwninp,  rcstomrioB  fronij  138. 
Drum  of  cur,  3(i4. 
DuA.Lit,v  of  mind,  329. 
Duct,  ih<}racic,  "JO. 
Diicclcsii  jiUinds,  '211. 
Ducts,  dotted,  498. 
Dufav,  Inwof,  ICH. 
Ddkoh^,  heart  of,  13(1. 
Dtdong  OEi  i\ii>innl  lii^at,  182. 
DumnA  on  fat^  ^"^H. 
Dntrwhvt  on  viidosmoEis,  lOti. 
Djfilj'sin,  BS. 
I^tiwua,  4&8. 

E. 

EUk,  Btructure  of,  .I'll ;  oxtema],  SfiO  ;  action 
of,  359;  Budilory  uen'c  of,  aOtf  ;  lubyrinth 
of,  ,il7o  i  tvinpaiiuin  of,  ^tnj, 

Education,  eflevl  of,  aS«,  643. 

EdwiirUtt,  Miluc,  uu  crusioceaDa,  469 ;  OU  fit, 

E^,  dcvelnjimdnt  of  bird  from,  3G. 

Eo7Jt,CI3,  r.]4. 

Elik^ticity,  Eient  of.  1^'i. 

Ekftivc  filtrACion,  7%. 

Electrical  Cnsie-i,  430;  rniTent.ti  in  mnacks, 

443 ;  ronduuii.irj,  uurvQij  re^i^iqble,  '26Q-. 
Elei'irifitj,  275. 
Eluvcnili  j.air,-342. 
Elixir  onife,«33. 
Ellijitical  skull,  581. 
EitBRvo, fi3S;  puTminiil  membmnfr  ot,52a; 

vertcLml  column  of,  ri;^2 ;  rjiscalar  nnsa  gfi 


£27;  allantoic,  636;  drculmtioiL,  HSU  ;  io- 

flucnco  of  motiior,  aM ;  tim  anil  wciebt  aC 
*I  !>ir!h,  S+0,  Ml  ;  viability  of,  54fi- 
Emlirviniic  devt-lopment  of  brain,  318;   ^ 

>ciri;u]aLiiig  ii|>'[>ijirtitu£,  a31  ;  totTU»,  M7. 
Emergence  of  impressions  from  bxain,  400. 
Kunotions,  niGnlal,  2!HJ- 
Emiurici»ni,  exiiuction  of,  S5« 
Eadocardium,  137. 
EndochroraCj  493. 
Endogenous  generation,  496, 
EndnstiHjsis,  10"i,  107,  )3I  ;    throuKb    films, 

154  i  tlirou^lt  Eliicco,107;   furcc   of,  10*. 

ir,3. 
Enteric  jnjco,  3Q9. 
Epcii«C|jliiil'Un^  292,  r>S3. 
E]>ii)emii!>, 'J33;  funcdona,  234. 
Ejiilhel  i  uni,  ILIT,  2S4  ;    rviindric,  tew^atad, 

i-iliatiid,  1&7. 
E]MK'liH  of  ttlotw,  4^1  ;  oflJfe,547. 
Kqniilibriiini,  Loudiiiess  of,  li>,  22,  SfiO. 
Erett  vii^ion,  39<>. 
Eitjuiinatix,  &G8. 
Europe,  jji-cinitive  state  of,  G13. 
E(iFij[n:iLn  biitorv,  (JIU- 
Eusiai'hiflci  iulic,367. 
Eulhtiuusiu,  SGI. 
Evajiurulion,  IJjA. 
Extreiion,  213. 
Exhnlation  by  iunso,  21, 22. 
Exoeniosis,  KM),  131, 
ExjJ&cCo ration,  47. 
Explosive  conHouniini,  357- 
Kxtinciion  of  Indinti:!!.,  fiOO. 
Extinctions,  484,  488. 
Eye,  Ktnicture  oP,  ;i(«M^?  nervoas  Tncchiuim 

of,  2ii&.  3'H  ;  acci^s^ary  apf&rntiis  of  39$ 
Eyebnll.iiiotioTiaof,  401.  ^ 

E^ebTO»-s,  3'.iy. 
EyeUds,  399. 

F. 

Fa'ces,  83,  'w.  WW. 

Fait  rates,  ilisapjicn ranee  of,  5!>I ,  cas. 
FflllEnp,  sunsaiion  cf,  Ml). 
Foi^'icull  of  mu^lci,  433,  436  ;  digestion  oC 

£4. 
Fjt,  24R;  oxidiieg  f[mdimllr,  2i>3  ;  KluicQ 

of,  to  Ijile,  207 ;  lo  nit  row  nixed  tis^iMf,  2Si»; 

ill  artiiclc,";  of  forngo.  TJ.9;  tmiibif.ing  o(' 

71  ;  (iroduced.  from  carboliviJrikiei.  n| ;  tn- 

iTuJuciion  into  rilii,  1*1  ;  KiiiiuQiiii.'iuion  of 

93. 
Faunal  ^Itpa,  56B. 
Feeling  and  touching,  dlsMDCtion  bcrwven. 

42*. 
FcTOftle  and  male  comfiored,  R46, 
Fcncslm  otnlis  tind  rotunda,  30|, 
FcrmenCs,  4I>,  Hll, 
Feudal  Fvstem,  631. 
FiBKiN,  30,  93,  117, 1 1 4  i  loM  of,  62 : 

bic,  33 ;  not  ua  oSote  bndy,  !iyt ;  or^nii». 

tion,  llUi  difTereiicc  of,  inliti^cHj  «Tid  mm- 

cit,  114;  vAriatioEis  in  ({lunlii^,  12d, 
Fifth  [mir  of  iicnus,  334. 
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FjltBrincaciion  of  gUmk,  1ft] . 

oCid,  43  ;    snlivarfr  4!! ;  snbnBxiil&rj-,  48  ;                H 

Filtrolioii,  dcLiive,  106. 

mtltlingiuftl,  4;t ;  iijuencsric,  ftU  ;  dcictlcas,               ^M 

F'injil  ii^ny,  5C3. 

211;   mnminani'. 'J2I>.                                                           ^H 

KiniiB  nmure  of  {(iiDwledge,  2M, 

GUiidulur  blood,  change  in,  lOU.                             ^^^H 

Finz-p3ace,  fixhanating  iiuiiiru  uf,  t&l. 

Glolmlin,  JlJ*.                                                       ^^H 

First  lirtJilh,  IflS. 

Glos^-phaTyngeal  nerve,  338.                              ^^^H 

Fim  pu-ir  of  Dfiirex,  42o.                                     '  Glucoee,  73.                                                                 ^^^H 

FUhes,  (liecstiaa  of,  CO;  circnlmioa  Jti,  13G;   Glui«tL,  33.                                                            ^^^M 

rcMinrniion  of,  150, 157..                                 Glyceiii]G,345.                                                     ^^^1 

FCiiuit  mid  plane,  annlugy  between,  -171).             Goodsir  on  K-mjihadcA,  97.                                       ^^^| 
Floral  trpii|"<i  S04.                                               |  GraaKuii  fulltck,  fi?].                                                 ^^H 

Flour,  3S.                                                        1  Greduul  dgmb,  r><>l.                                               ^^^H 

FcctuB,  circiibtion  in,  631.     Sets  EmhiTO.          Grafting,  46!l,  535.                                                     ^^^H 

Folliulc»,  gnstric,  4C-I,  uO;   varieucM  of,  .'>L            Graliam  on  diffusLon,  liiS,  IM.                                    ^^^H 

Fciou,  IG,  :J(i;  souiTC^  uf,  37:  <.'IiLv)^ilk'»tion    Greeks,  613;  echnpindf,  tiU.                               ^^^H 

of,  97 ;  value  of,  28 ;  ditTe^DC  kiiidf  of,  -J?.    Grumli,  ^i  i,  bUS,  fitO^  cuudilioDB  of,  4G£,           ^^^| 

2S ;  of  coraivora,  36 ;  of  hcrbivoru,  34!,  37  ;    Guinea,  ticgro  uf,  fiTll.                                                     ^^^^| 

uiCrouer,  37,  SS  ;  navBRiQiits  uf,  fi3  ;  nd-    Gum,  dij^uMiun  of,  71-                                               ^^^^| 

JiifUi  iiiiujicraturc,  ]?!•;  dtioiauJ  fur,  17di ,  Oundeliuli  oa  fiu,2ii).                                          ^^^| 

ftllowaiit'A  of,  11  ;   dii^^libillt/  of,  SS,  Bti ; 

^^^H 

1                      fonned  bv  platiu  aud  dcstrovod  by  animals, 

^M 

87;  niiniEUum  quantity  gf,^. 

Furiiuicn  mnpiilitij,  ASO. 

HAitiTa  OP   NATIOM8,  566,  &C9;  of  tuseets.             ^| 

Fune  of  endoamo*!!',  107. 

^^H 

For(tietfuIne8»  of  draaou,  SCT. 

HHIQBtici,  113;  nnalvsis  iif,  1  lt>.                              ^^^H 

Forriik-  afid,  240. 

Hftiiiutococcus  ti  nails,  494,                                  ^^^H 

Fciun-roy  on  pertjiiMitiditi ,  240. 

Hair,  236.                                                                    ^^H 

Fourih  |)iiir  of  nerres,  3.14. 

Hall,  dii^coTeries  of,  259.                                           ^^^1 

Kinv),  diKe«tive  trmri  of,  S^, 

ilnllucitinlioD,  402.                                                ^^H 

FruTiklin  on  lioaL,  3t^Q. 

llancy  on  tinululion.  130.                                             ^| 

Frcric'hs  on  food,  fio  ;  on  sulivn,  -14. 

JIeaiUmj,  sense  of,  35M;  amiwnre  of  orfECin                ^ 

Fro^,  luii^H  of^  ITi'l ;  develojiment  uf,.  509. 

of,  360;  use  of  tvni)ianan]  in,  804;  audi- 

Front view  of  skull,  ado. 

tory  nepre  of,  3ti8. 

Fnttire  atste,.  Sir  1 . 

HkarT,  13,5;   fibre*  of,  1S7;  valves  of,  ISA; 

developiDent  of,  13u;  offtni^tnif,  13tS;  nc- 

0- 

tioDcf  iicnes  on,  140;  iiuimRkcui  of  action 

of,  147;  Tiunibcr  ofbenta  of,  IHn. 

Galileo,  45ii. 

HSAT,  1 7, 18, 1  '.1,  L'i:i ;  thi-ik  upon,  2 i ,  £2,  lJi4 ; 

Gull  un  bruin,  ^59. 

eqiiilibriiini  of, 'J'2  ;  aniiny,  17.>,  177;  cnr- 

Gall-bliiddcr,  la'J. 

Iwnic;  luiti,  rdntion  lo,  ■£■,  20,  l'£  ;  vnriii- 

Gnlvwii,  esi«sriinenta  of,  443. 

tion.i,  1(8;  dimmftl,  178;  cxcrt me, cndu ru- 

tijiNOLiA, itruttan:  tif,2(iS ;  fipoDlasriorutfonc- 

ble,  ITS;  annual,  ]'!>;  Riurce  nf,  I8S;   of 

ijun,  2*irJ  i   of  sniipuilietk',  140,  2U4  ;  wf 

light  rays,  &^^  •  rvniiived  from  miif.cle,  447 : 

8|H!l-iFl]  SCDSe,  .11.^;   L-C]iliu]ii:,  GU7. 

qoantiiy   for    planis,  477  ;    inieiuiirv  and 

Gbsc-^  uf  iiilesliiie,  82. 

iquaniity  of, +77;  doc  Liu  f  of, +88  ;  rclBiioiti 

Gastkic  chnngL's  tirc  inil>d}vigiotis  nad  BMitn- 

qf,  r,7-2  ;  tfll't'l  (if.  (HI  sknm,  yM. 

iLaiifln  of  ivukt,  (iii. 

Heath?,  ubwnce  of.  from  AmuHcu,  4"4. 

Giuitrii'  jnkc,  4'J,  .W ;  ((uaiicity  or^  52 ;  ndd    ][ci|:lic  irf  mnn^  r]4l. 

of,  u2,  i>4 ;  nilutiuu  uf  nervuuti  inllni;nL'«  tu,  |  llelnifaulu  on  nen'e,  SBfi ;  OB  mmrle,  445, 

54. 

Ilepnttc  ivimr)-,  200 ;   mU^  doct,  vuin,  200, 

Gcluline,  €4,  65. 

2013. 

Genunatiiiift.  534. 

lIC'fbivoi^SG. 

GtsKRjknijM,  Slfi,  G16;  spcnnatoioa  in,  917, 

Henridnncuni,  Vttt. 

SE8. 

llamdhnry  iroii^nii^aion,  590. 

Q«ogTA]ihical  disEribntiun,  6fl7. 

iff  niia]ilLrUtliti^in,  574. 

G«omTi|ihy  of  pUnW,  47'2. 
QevTvgicaJ  t-tiBiiac!>.  4^0. 

Ilibhert  an  ayjmntina*,  108. 

I  ii[>poC'niti(.'  fucu,  5i)l. 

Geoineirical  mudc^  of  dtirelopment,  467. 

Ilit^iu^p^nclic  di^fiiion.  40,  G3. 

Gicrm-ccU,  :.ia. 

UlstoRv  n  branch  of  J'hysiolojy.  604;  Euro- 

Gt-Tminid  membrane,  S3S  ;   it«  Iavcts,  G37  ; 

]ie<in,IJt<>;  uuivennl,  HI  1 ;  prognosticit  in, 

vesicle  atitl  spoE,  b'ii. 

■filJ;  i"orni>(iniiiM.-,  Wll!, 

GcrminiUiaTi,  4G8;  honl  of,  17f5. 

Ilnn5i>jjefi03i'i  lUiil  li<!H!ni;;enCBii,  fill. 

Gestation,  5SS. 

Hdt-bliHidcd  iiiiiiiiul»,  170. 

Gibralur,  Struitd  uf,  G2ri. 

HoiK-'iiiti'tH,  577. 

G-ilEs,  laft,  Ifitl.  iri7. 

Hubliciitt,  iiilile  hv,  49. 

Glaii1i,18!I;  Iy|«of,  If9.l!»7;  vicnrioUBiic- '  llulicr,  rLlO. 

tion  of,  lt)t>  i  lllceriny  Aciiun  of,  ItKI  i  juir-  i  Ilumiui  groups,  5C0, 

M4 


.U«: 


H«cUm. 


,iis,ia. 

I  tifaariielB,  lift. 
:  aeia,  £2.  CS. 

:  a,  ir.  ir 

.  |terTe,3UL 


471.    tini  ■ctt4  • 


iioacm^ 


Tiiiii  ijiiiif  iMi,  irt 


K». 


IMff(^£1l. 


flfthe  hhI,  IIS. 


lU. 


,S17. 


I  <  IS.  10- 


,373. 


Janti,C2i. 
JoBca,  Bean,! 


ISS. 


,»1. 


iMptwknw,  reitSgea  of.  S8S. 

iBprovabilif/  of  man,  IS. 

iBdWttioti,  czperimeBU  on,  178, 243. 

Iocs  IndUiw,  467. 

incomboAiUc  men,  ^H, 

ladepcDdenoe  xnd  itnoumalitr  of  ihe  «ml. 

£8fi. 
Indepead^oi  actioa  of  ucb  ludf  of  ilie  brus. 

Index  of  ]imbCt»icd  boAk*,  CM. 

Iftdiana,  &7S ;  extinction  uf.  COO. 

ImUa-nibber,  cUffiuion  thrciugli,  \^%, 

lBfiiidBk)i(;r,  n&mre  vf,  ifi6. 

tB^Ean>|>eiuu,  A  73. 

Iiir»n<-T  of  man,  538^ 

tnfl(i»'icitnL't!.  Iiiut  of,  176. 

Inllucnco  uf  Bi^tftU  Oil  Hum,  EC3,  h^l,  571  , , 
of  pareni  on  child,  IhM.  \ 

InrliicntiAlBiT,  282.  I 

lufuKirial^,  heal  of,  177.  | 

JtiiM.ite,  447.  J 

Itiijuifition,  caialili»h.meiit  of,  £24.  ] 

InMlivstioa,  40. 

Inianiiv  of  ^c[)nJ^  40S. 

{lliECT,  diacRti*!!  trace  of,  1^8 ;  ccphnlir  pin-  | 
glia,  1171  :  uvrroua  evsicm,  ^Ti  ;  re^^iiira- 1 
tibn  of,  t&7:  develo^nent  of,  rtH);  sine-  I 
tnrt:  and  bitbit  of,  60S,  G05  f  meiuury  Bud  | 
tni^UTnorplMH*  pft  608, 

InttniitancmmMi  of  4r«inw,  fiA4>.  I 

Inittiiic't  iliNtiMiEiii^hed  fnun  reaM>n,  CM.  j 

IriiiulHiirdiiiBlicjiii  (if  one  Jicnuiiiiiliere,  iS29.  I 

lllt«]ii;(;|,  inaxiiTitiin  of,  fitt!  ;   otntre  «f,  Ij3S,     ' 

JnLciiHtv,  mljufUimut  fur  variuliona  u(,  in 
eye,  a88.  i 

InieiMiiy  of  hcni,  *77,  S72- 

luicrfurcnci'.  mvtlianbra  of,  in  car,  iiT:i;  of 
ncrvoiw  itii(.rc*siofiH,  2C1). 

In  I  cm  ti  Li  111  iloath,  244  ;   moveincnta,  1SI. 

IwiKwiisT,.  lentftli  uf,  \'i\  ^alu  end  imw  "fr 
8U  ;  UifteKtion  in,  fi3,  fiX,  M  ;  totiienu, 
thariRca .uf,  b3  ;  sectiuli  nr*nll  of,  H.'i;  ]*!■- 
isiallic  mcivcmi-Titi  of,  (iH  ;  pashngc  tii  CmmI 
ttimuich,  07,  81 ;  glttatlH  ho4  aevratiun  uf, 
till,  TO. 

ItivcrMT  pfoliliimN,  2S4,  4RZ. 

[nvkhkk  Viaiwft,  401 ;  use  of,  4](J. 

IriH,  3ci:^: 


KAnm,&77. 

Kampraot,  59. 

Kidw7,  £13;  nrunnr*  pC.  214:  tabtf  a> 
niferi  o^XU;  cirmluioo  is,  SI&:  deici- 
Ot)mma(,»4;  ncMMM  actvoo.  IM. 

KindDe,  2»l. 

KoUiker  do  bkin,  420;  on  retina,  391 ; 
SI1. 

HDumm,  eo. 

Knuse  on  wbacenif  seuetiuu,  340b 

Kre&tine,  447. 

Knlw  (ID  bile,  ?OaL 


Laki  Kj^nt,  8*1. 
Lacbrvmal  (ctuid,  4O0. 
LACt«iK84,e'G,87^9L,lll:  fitftctioD  oC  tl5 . 

a.nd  lji-in|ihatic»,  coDJiectioa  of,  with  mM 

ration,  100, 
Lactic  arid,  47,  .'•S,  73,  74,  75. 
Lof  uafc  of  bone,  2d3. 
Loniin*  spiralis,  3£9. 
Land«rer  on  perspinttion,  3Ml 
LanirUNZ^i  3^7. 
Laplandt^r,  I>G3. 
Larv'ft,f>ll>. 
Liurynx,  3fiS  i  daab]e,orbirda,853;  artificial 

Lacem]  invenion,  397. 

Lateral  view  of  skull,  581, 

Law,  dvU,  G28. 

LanrvEire  on  tlic  leg,  580. 

L»vcwk  *m  eejihfllii;  ganiflii,  607, 

Le'^,  S80. 

Legiiitiiti,  33. 

L«limjinii  on  absorbed  nitrofnm,  3!>;  fmp- 
lonej<,  €3(  gaAlric  kIuiIoii,  (>1>;  (^ol,  TV: 
oriuc,  111-,  qaa^niiiy  of  blrrud,  113;  \Atnm 
crystalji,  120;   bire,'20,S  ;  kiratiac,  231. 

L«idy  on  Iiv?r,  ISft, 

Lcntiptli  of  itif&nt,  (i4€ ;  of  elecp,  G5^ 

L'llcriiier  on  chvln,  96, 

Liebertuhn,  follicles  of,  (W. 

Liebi^  4n  Inciiv  acid,  75;  on  fibrin,  9$; 
blowt  gBitcH,  12.^. 

Life,  conditiorH  of,  H,  12. 

Lii;lit,  nnittre  of,  ZVi  -.  inOcienn  of.  4^0. 

Liuic,  |itiDK]ihntc  ut'.  3^. 


"1* 

i 

rial. 

i 


INDEX. 


Liquur,  imiiituiiiu,  ls!l ;  nitinil,  uUfl. 

r.LVKR.2()!li  smii'lure  of,  lyU,  2m,  201;  J«- 
vclo(imcnt  of,  11^1,  l!)8;  seLTCiiuii,  *2CK), 
2IVi  ;  nvpaT,  lj^3 ;  pitidurlinn  "f  xii^ar  onil 
(m  in,  207;  cJuHtruction  of  tilocKl-telU  in, 
■209;  absorbed  marcriiilgxjes  to.  107;  effevi 
of,  on  (![)iiifiLcxiun,4>h8.     Me  Bile. 

LotASiinliiiu  uf  fmictiuna  in  brsin,  324;  of 
plnEitg  and  uiiiniiils,  482. 

Longevity,  it4ii. 

Low  of  pcTMiirion  of  titnE.  »32. 

IjL'Kfts,  siruL-liin;  of,  157, 151),  160;  capillaric:^ 
uf,  hiU^;  cnpiicityuf,  l(i2;  oivank  libms of, 
U^i  thcmjcal  ctumges  in,  lliS.  See  Rd- 
pimlion. 

Liithcr,  MflTiin,  vision  of,  40C. 

Luxury,  ctt'cul  of,  on  f^ktill,  jiH8. 

Lymjifu  tf.'. ;  aolt*  of,  OH ;  tiww  of,  Oa. 

Lym]jlinCii:'  j{lutiiJii,  'M. 

LvMHIATRSdisiributionof, 97;  fuBCtion  of, 
its,  SB ;  origin  of,  A2U. 

M. 

MACEDOTnAir  CAurAioK.  620, 

Miu-'hiriGK,  iK^ieakiii)!,  Miit!. 

M">liHJft*nir,  iiBinu  of.  fl'T. 

Muilikr  in  bone,  2QG. 

.Ha|{i-llu.n.  voyaue  of,  624. 

Male  and  funiBle,  i-ompBriw>n  of,  fi46. 

Malpiithian  bodte*,  315;  mi.',  removiJ  of  li- 

r|iiid  frotii.  224. 
Maiiinmrv  ijlatid,  224 ;.  devfilogimeut  of,  225 1 

action,  233. 
Man,  pDiyncal  nspcct  of,  24;  aool  ot;  SC ;  nu- 

turityof,  342, 
MnriCBrine,  24C. 
Mariolair>',  (iSl. 
.Mjirmol,s'"l72. 
MiLotitration,  40. 

Maticni  rereivcd,  lU  ;  diitninied,  17- 
M»turity  of  man,  542, 
M^icontum,  202. 

Hedullji  ohlunguta,  304  ;  functions  of,  SOU. 
Melloni  on  Ii|ihi,  3811. 

Mcmbrana  ^anulosa^.'i:!!);  decidno, 525)520. 
M-eiabmiiC'i,  (ckcCiitg  power  ol',  107. 
M«nion'  nf  inserts,  GO-H. 
MflDElruaLion,  fiiO, 
Mental  uinoiioii^,  nature  of,  2D0. 
M4.-iitai  liuUuL'inntiuci,  402. 
Mental  (J^Hli^ips  of  diAervnt  nWionB,  C>V2. 
MtttiiaJ  fttrcriKEli,  mnximuEn  of,  544. 
MeseiK^cphAkiinv  2!I2, 412H, 
M«8«nKn>;glBnilB,8truL-[[iruof,  69;  plcxusiM, 

MeUocirmiL-  Jieid,  SIC. 

Metain«r|jli<isi!i,  i'Mi. 

Metamarjiliiwi*  of  t^ntTnchiaitit,  609. 

Metaphy»ii%,  2,''.U. 

Midaiglit  sun,  47(>. 

Milk,  23,  31,  ;i2;  cisein  of,  2»,  237.  231  ; 
Hugm  of,  81.  227.  233  ;  Uillcr  of,  31  ;  mlIis 
of,  31,  £'2^;  lactic  mcid  nf.  HI  -.  clfcct  of 
disease  of,  as,:  coiUpusitlon  of,  2'J5,  22G  ; 
tttialvus  of,  im  ■  vii;«nuu»  HM'ratioa  of,  238. 

.Mind,  24. 


Mi^*cIt^  tmt,  fi24. 
Mitchell  oil  iliWui*ioii,  tS2. 
MotinmiiitiUni'OD,  ioHucncQ  of,  S2D;  !>prea() 

of,  in  Africn,  f>U7. 
Mui^inirc,  influence  of,  iiS. 
Monjiols.  ^"H. 

Munoilifjsm,  mjl. 

Monfdiiy,  546. 

Modun,  ciliary,  431 ;  Diiisciilitr,  432. 

Motor  ornlj  thmtc.  391. 

Molor  Iniot  of  Irniii.  810;  of  tord,  SOS, 

Muuili,  funciioni,  of,  40. 

Mciininbique.  ntiMvo  of,  fi7«. 

Mnc(m»  nicmhrBnt,  IBO;  Iiiycr,  52". 

Mucus  *^,  1!17  i  biiL-fii],  43. 

Mulbc-rry  mas*,  ii23. 

Mulloronbilc,  2U'J,  on  vision,  391 ;  or  voice. 
354. 

Muliipolnr  npn-e-pcll.  2C4,  2(J9, 

Munidjial  tyaeat,  C23. 

Mu^x  voliinnie^,  404. 

Miuclw  juice.  4»4.  437- 

MtrecrrLAJiriBRE,stract.upeof,433:  non-stri- 
ated, 43& ;  motion  uf.  43:j  ;  nioveit>cnK,i.-u- 
ordination  of,  S2'i;  coniracririn  of,  438; 
reprtralion  of,  44iJ;  bli.>od'Te-'«e!s  of,  140; 
rontratrtiun  of,  ut'tcr  dciiili,  444  ;  ilcvclo|i- 
MCliI  of,  440 ;  dlialVsi^  of,  441  ;  CitpiilAriCfl 
of,  439 ;  effeeta  of  ulmrtricit^  oo,  443. 

MiiuB,  liifi  threw,  C2S. 


N. 


Nails,,  236. 

NarwiiBl,  177. 

Nalioat,  oritfiti  of,  568  ;  babiU  of,  SCO ;  pru^- 

n:ss  of.  £0U. 
NiilunLL  hisEorvj  clmsiticaEion  of,  50G. 
Nfpro,  BT!(. 
Neill  Qa  rllli,  00. 
NERri;!3,  diviKJon  of,  2L9 ;  mw  of  tondairtion 

ill.  2<jr>:   sheulli  of.  2131  ;    flbiVs  of,  262; 

fiiticiion  of  lilijres,  2(!A;  function  of  vc&icle*, 

2ti7;  Tiecessiiy  of  rent  for.  272. 
Nen'oiu  n^-ncy,  wi^adnca  of.  ?(iH;  tnui$- 

misMon  uf,  2ti5;  rvtontioa  of,  26!) ;  inler- 

ferenpc  of,  2611'. 
Ncn'oti.s  jircK.  277 1  condition  for  Action^  283 . 

centre*,  :jw>. 
Nervous  system,  259  ;  controls  licnc,  IHIi ;  d^- 

velo[imentof,  2!)2;  mttainurpliixiisj  uf,  litfti; 

fltniciure  nnd  functiooa  of,  2!I3. 
NcrvouK  vtUiiciilur  ruuCCer,  2liO;  jninKlin,  2^: 

uctirity.  207;  tisaue,  ccjnipo»tian  of,  27S: 

rcpeneraiion.  274. 
Newport  on  inH;i,  Is,  300. 
Scu'ton,  culurcJ  rinj;'.  of,  105- 
Micolai  on  u|>ii«jiliuii!i,  4(Ki. 
Ni^hrninre,  5.i{i. 
Ni);;lit  sIecji,  S54. 
Niiiili  iMijr  of  Dcncs,  33H, 
Niirotnin, uMof.  Iii;  iiircj|iiruioo,l71;  prCH^ 

oxiJc-of,  4IU. 
Nodal  liues,  :I7I. 
Non-striiitcd  llbn.  VM. 
NoMi,  424. 


^^V       BM                                                                       ^^^^^^^^^^^^1 

^^^H^           Nnrleated  relb,  cipmUtion  in,  tSI. 

I'annid  s^mbA,  43.                                            ^^^H 

^^^^^  N■Mlc>n<^  1 17. 

Pammtion,  533L                                               ^^^^^ 

^^^^^m  Muclcui,  433, 

Pu-Tasm,&4fli;  iBflseora  a4;aB  Hw,  SOfi. 

^^^^^^V  NcrKfTioa, 'J4rivS52;  cotiaeftinn  with  nerr. 

PaiajRoaiM».  S'8.                                                        ^^ 

^              OU  JHRQ^,  186,  34t :  tclttctiiiE  |Knrer  in. 

Patella,  Btirujn»  anUm  a<^  ?79.                              ^^ 

^^^^1              24S;  three  t)rpecof,S>3S|  of  cuiiiTunuitl 

Paibetici,  334.                                                            ^M 

^^^H            bubivon,  SS. 

Puina,  151.                                                      ^^^^H 

^^^^^H 

^^H 

IVlaeiata  iTpc,  S'S.                                           ^^^H 
Pepnn.,  49,  M.  55.                                        ^^H 

I'tfttraea.  60,  SS,  «S.                                     ^^^1 

^^^H          OtUBCTiTv  opEBitimrA,  287. 

Perception  of  nroc,  lOM  oC  88S.                  ^^^H 

^^H          Ocelli.  890. 

PcjiL-ardtum,  137.                                             ^^^^H 

^^^^B          Octopiu,  nemma  efstera  of.  S79. 

Pcrisbdtic  mufemCDtB,  £3.                           -^^^B 

^^^H            Ocular  (pcctra,  390. 

Patixftlu«  t)t  iam  dnMnpoted  hr  ligkl,  491. 

^^^^1           fhmlo-moujr  nene,  333. 

Peneration.  ivanh  ot,  6S4. 

^^^H          Uwiit,  senaibitity  lu,  i2i ;   locoliution  of. 

Persian  empire.  61<6.                                             ^m 

^^H               4SS. 

rbnspirntiiiii.  2SS.                                                       ^| 

^^^1          Odyvef,  613. 

Persuasions.  u44.                                                    ^^^^H 

^^^^H           Oil,  euiuUif^tDg  of,  71 ;  glvbuleson  villus,  88. 

I'c-rtivian,  576.                                                   ^^^^H 

i^^^H          0\<ii^e,!Hh. 

Perer'f  twdics,  TO.  94.                                 ^^^^| 

^^^^1          01eaii;iiu>u«.  principles  of  food,  8G,  81. 

■■hantasnu,  lovaliution  of,  4]fi.                   ^^^H 

^^^1           Oleinc, '^4(). 

I'failtppine  negru,  57^.                                      ^^^^H 

^^^^H           Olfaciory  urijan,  mecliunism  uf,  131. 

I'biloMiplicr's  !!C(irie.  <J33.                                  ^^^^H 

^^^1           Olivary  bodies  'JHH.  3 M . 

PhttoMpbv,  mppfosion  of,  634.                   ^^^H 

^^^^H           Om  pbalu-mocntcric  diit-1^530;  resiCls,  531. 

Phixniciaiw,  CID,                                              ^^^^H 

^^^^^M             OpcnuiijTis,  Jjlnnla  aitf,  4'L>, 

Pbosphuruji,  IT,  2.*;,  ?T.  .t2,  2T.>.                    ^^^H 

^^^H            OpiuiD,  cllccu  uf,  4UG. 

l'lKiiu»:mp9iie  cHe^ix  of  KtuperautPe,  AMU^^^H 

^^^^1          0[)Tk  nene,  391. 

Pfareoif  nGn'e,344.                                      ^^^^H 

^^^H           Uran^;,  581. 

Phr«Dolo(^,  324.                                               I^^H 

^^^H          Obojlnic  fokh,  career  of,  456. 

PiiTHiOUMtv,  sDlHlLTisioiuof,  24;  rieiif  ■tJtl^B 

^^^^B            Organic  life,  nene  of,  S44. 

dviinmit-al,  4rt5.                                                      ^| 

^^^^B          Orpinic  jxtriCMlitiiilea  cunocctcd  with  heat, 

Pililsof  ICilttr,  S77.                                                    ■ 

^^H 

I'ine,  woody  lltrrc  of,  498,                                               ^H 

^^^^1           Or^aniiimB,  incbLmnrplirfti<>  nt,  48!l. 

riacenui.  .'i::fi.                                                       ^B 

^^^^H            Or^aitixjitioii,  )iriiid|ilc  of,  457, 

PutjiTS,  inJii-iduftlity  of,  4fifi  ;    qnantjir  «f 

^^^^H            Orgnuk^tii  iKidio-s,  allutropiam  qC,  l^i. 

heat  for,  4>>7  ;  secular  iJlaD^jee  vf.  4HJ ;  b>- 

^^^H          O^na  uf  i«n»c,  ihS. 

caliialioii,  4fi^.                                                        ^M 

^^^H          Onfrin  cf  nniii-m?.  .'^r.s. 

Plufina,  321.                                                  ^^M 

^^^^H           Oniiitiurjiitliuii,  22-4. 

riiuitic  jMincr.  4A9.  4>  t.                                   ^^^^^| 

^^^^H            Ouiii'tcs,  3K-7. 

l*i)i.'iirnu)i:<.«iri'C  uervc,  340.                                 ^^^^^fl 

^^^^H           0»slJication, 

Pniyjnuny,  534.                                            ^^^^^ 

^^^^1           Ihierk'itj  III!  villi^Ri:. 

^^^^H 

^^^^H            Ostrich,  Htumot'h  uf,  3Q. 

Pulj'tliirisim.  >G01.                                               ^^^H 

^^H        Ov«4  nu\i,  mi. 

Pom]ieii,  4i>n,                                              ^^^^| 

^^^^M          OvAriiim,  origin  of  ov&  in,  52Uj  <w|)ti4  laie- 

Pons  viirolii,  307.                                         ^^^^B 

^^H               um 

Porcnpioc,  59.                                                         ^^^^^| 

^^^H           Ovisac,  &20, 

Puqioiae,  stpnuK:li  of,  59,                                          ^^^^^fl 

^^^^B           OriTiii,  G2]  ;  JiM-hafitc  of  from  ovary.  ^23; 

foTtal  drtuUdijiL,  1 19, 1S4, 201,  202.        ^^^H 

^^^^H                 ('hosifCjt  uf,  fi^4  ;  se^miL-iLtudoit  of,  524. 

Purtd  of  l:^iz,vpi.  opL'Tiinf;  vi,  tilH.                  ^^^^| 

^^^^B,           OwGD  on  the  un»,  GDU ;  on  skull,  532,  584. 

Pu^terior  routs  of  spinal  uuncs,  S9C.             ^^^^H 

^^^^B           O&sUc  acid  in  urine,.  '222. 

Pouaalum,  iodide  of,  cxperimeDts  with,  4J    ^| 

^^^H           OxYOBK.  1100)0^47,  IDI,  m4 ;  in  respiration, 

■ 

^^H                  134,  ll>3,  iS-i;   iiiJJucncL'  nr,ar>  b]ar>il,  ]2i;; 

Powder  of  projection,  633.                                        ^H 

^^^^H                clm[]|;^i  ailiumen  iiiiu  (ibriu,  101',  I't);  Ub- 

I^TO-cxintciK-e,  sciiumeDt  of,  331,                            ^H 

^^^H              enwi  hy  |iUuts,  4t)l. 

FrevQNt  and  Dumus  on  mu$c]e„  430.                    ^| 

Prii^liiird  OD  bolits  of  BiitQ,  cti'J ;    oq  ckvU,     ^| 

^^^H 

580,  r>^.                                                      ■ 

Prii^iiilev  on  (laECoas  eudoimoflis,  l&l.                 ^M 

^^^H           l;*A<;rnAiT  numes,  430. 

Frimitivc  (race,  203,  627,                                 ^^^B 

^^^H            PB):nniKni,  full  of,  G23. 

Primordial  cell,  458.                                        ^^^H 

^^^^B          Pkiiiv,  PrufosMir,  on  planu,  4T8. 

Pr>m-i]ik  ciT  grgBjiiutton,  4GT.                     -^^^^f 

^^^H          Pnle  peQpIc,  diaii]j]iearancc  of,  in  Europe,  6S4. 

Prinilnji,  ;iflS.                                                ^^^^B 

^^^H            FlIingeDMti,  634. 

I'ro^Mhoas  Akiill.  G86,                                        ^B 

^^^^H            Pancrena,  GS  ;  juice  of,  66. 

Protein  bi>di«a  rcnjo^-cd  by  uHnA,  2S0,  £33.         ^| 

^^^B            pBathi3i-up,  iifi. 

Prvieil^u]  nil  rSKjiirAlicn,  liU,                                      ^H 

^^^H          Papal  government,  623. 

PMtulTl«<ricliUti,  615,                                           ^^^^1 

^^^H            PipiUfe  of  Bkin,  419 ;  of  tongue,  428. 

Psycliical  powers,  327.                                    ^^^^H 

^^f                                                                          ^^^^^V         647 

■           l'ioI«miii!«,62l, 

Salndin.^SI, 

P           inyoJine,  45. 

Saliva,  ^S;  nMJon  nf,  4G;  qonnLiiT  of,  14, 

l'u].«4ttiun  of  heart,  188;  of  orterioe,  141. 

47;  sjiocitic  prsvitv  of,  44  ;  conijwsjiiiijn  of 

tuke,  I3!>. 

iH;  flction  of,  insiomocb,  10,  fiOi  acmuun 

Pu]ia..'in. 

br,47. 
Salivary  pkDds,43. 

l^/ramidol  skull,  fiSti. 

fynunidf,  imteritir  And  poatenor,  804- 

Halpn?,  537. 

Sail,  M9C  of,  62. 

Q. 

SamoLcdi!^  5  US. 

Sarikcy  oil  briuii,  325. 

QvAia  OS  APiPOCiBE,  2*7, 

Siip,  asccndinK.  S7v  133. 

Qualiiv  of  souiiii^  isHlicQation  of,  STJk 

SfirLOleiniuo,  i'iS,  4>t8. 

QuniiEity  of  htiiit,  477. 

Scalet  of  L-ftr,  3Gtt. 

Quelelei,  rcseoK-lien  of,  IB,  fiiO. 

Sc.liercr  cin  itriuo,  2£1. 

Quick  rcfipiraiion,  effect  nt',  I68> 

HcKlossberger  on  hmn,.  274. 

QuiDcey,  Do,  on  opium,  407. 

SctiniidL  nil  alhnnURtLtoa,  S!};  Oti  blood-cell*, 

119  ;  on  pneiimnca^tLric.,  54 ;  on  ]>e|ffiiD,  55 ; 

H. 

on  pnacrcAtk' jiiivc.  Cd;  on  int(»[iiuil  wn- 

Icr,  83  :  on  trfttisiifUtion,  WS. 

RlQtAi.  librc  HYNtcm,  300. 

Schneidcrian  rucmbmiie,  424. 

Itadintl-Giii  of  hi^at,  IH-I. 

Schulu  OP  tuuwle  juioe,  434. 

Ruulibi:  action  of  heart,  U7- 

8<^hiviiinn  on  nerves, SUI. 

Rarfllicd  air,  cftbct  of,  183. 

f^iont^c  eontribuiions  of  Asia  to,  BdQ. 

liny  on  iiuiteci  linEiiU',  GOd. 

■Sckrooe,  3ii'4- 

It^auiniir  on  digic^timi,  5,'J. 

8cut,  Re.innald,  on  ^piriu,  447. 

Itediiccioii  of  toiiipcraiurc,  184. 

Stott,  WiilLi^r,  on  Ijinp,  404. 

Keflex  HL'tion,  •iAi'l ;  of  EEi«j<:b,  fi09. 

8ebncc«u8  Rlaiid?,  'J'27. 

RefonpiitioTi,  aji),  am. 

SecrtJi^iil  muticrs  jirc-e.tisl  in  blood,  192,  lO'i. 

Begxamrtii  iinjircssioTiti,  414. 

Sccretinn,  ISU;  mnictnrea  for,  laS;  lijTBorout 

Rcpi*terinnKMiplia,ari9[  M«n«a«,28l,sa2. 

mombntncR,  193;  b/ mucoilB,  19(i. 

ReyiBtri'  ol'smiiid*,  MS. 

Sec[nf(,     ijee  Vinioii. 

BagnAult  Dii-l  livUii  >in  rcspiraiioo,  t'O^ 

S^jRiiin  on  exhahtiou,  2il8. 

Bepslr,  ncecsi^iiy  vf,  244. 

Selecting  "owcr,  fl!i. 
SeoiidnuUr  cnu*!^  S^U  364, 374. 

HegjiiTntiun,  'IS. 

RBrnoiJuctKis  of  cells,  404 ;  nud  derelop- 

£ensatioD  offklliog,  GGV. 

mcHT,  505;  diM(>B  devclopmcut,  513. 

Senffs,  3fi9, 

Hcptila  rciiiiLrntioD,  158. 

8eaaonacn,281,SiS. 

Hesittunl  air,  I6IS. 

SensvETtrncl  of roTd, 303^820;  Qfbnia,3S0i 

Rebpihatiov,  I&I,  iBfi,  1D7,  170,  l7l.  174s 

^ng'lia.  :;@L>,                                                  ^^H 

water  reraovoit  by,  ICS^  jifiisea  of,  Hi.%  IG7, 

Seutiinent  of  pre-oxistence,  391.                            ^^^H 

I'l,  ITR;  moveitieiils  ill,  \ti'I;  movcmciUs 

Seboi'8  Huids,  393.                                                       ^^^H 

of  ail'  in,  ItiS  ;  nuiuburof  ictgvi^ments^  l(>3  ; 

Seroiiffl  layer,  527,                                                          ^M 

inlluencie  of  iierv'oua  agents  ou,  173;  gea- 

t^crouf^  incnilirnTii!,  I!^8■                                                ^^^H 

ernl  flCfUeincnt  of,  1 74. 

Serpents,  ii:g»  of.  4111-                                                  ^^^^| 

H«f|iirficar^  iliecHilon,  63. 

Serom.  salts  of.  i»t.                                                ^^^H 

Ro^tifonei  Iiodics.a04. 

Hcvcmli  pair,  SHI.                                                  ^^^H 

Re?urt«ciian  of  poms,  684. 

Scxcji.  mortality  of,  MS.                                              ^^^H 

HiTWA.  3M,3U-.?,  394 ;  nnichiro  of,  885,  SBO; 

Slicker,  [logic rfL'cliuus  of,  ISl.                                         ^^^H 

dMlDrtuinri;  of,  4015, 

Siilhl,  cerebral,  401.                                                ^^^H 

Reuiiis  oci  littimikcli.  (il. 

Silk-wonn,  489.                                                      ^^H 

ntynoso  on  ^agar,  208. 

Silver  bulla  in  digestion,  £5.                                            ^^^H 

RhHkotis,  (121. 

Sln^nif,  SSfj.                                                                 ^^^H 

Rhf  thiDi«  coniractioiu,  4i6. 

Single  vinion,  Z\f5.                                                        ^M 

HifTor  tnorti^  452. 

Sieorles,  582.                                                                 ^^J 

Roman  coLnf,  151. 

SIxOi  (lair,  334,                                                      ^^H 

RomftD  eai{itrc,  6'2'i. 

fUceleiOEi,  253,  580.                                                      ^^^1 

Rotation  of  anjm.ilK,  324. 

Srim,  BUS;  absorption  hy,  24 1 ;  trnnspimlion          ^^H 

Htuljrneritnry  iirKiui*,  41)1. 

fram,  ISA,  337  ^  gljinds  of,  23C ;  >.>3:uiiubuii                    | 

Rudiiiiviitury  »itiiiid>,  S-iR, 

of,  11^,239.                                                                        ■ 

RunifoTd  on  flottjiiiti.  IKO. 

Shtlls,  csiiffltnAtionnf,  581  ;  forms  of,  593:                    H 

RuminiLDl,  sLomiu-lt  of,  &t). 

doKsificiitipn  of,  &yti ;    olloct  of  liteC  ou,            ^^^ 

RuQniug,  4M- 

S90.                                                                            ^H 

Slack  on  circulaiion  in  txHa,  132^                           ^^^| 

3. 

Sleep,  65i.                                                              ^^H 

Slow  refpiralion,  168.                                                   ^^^^| 

Sabbatb  hat,  C51, 

Smell.  423 ;  comliiLon  of,  425.                                ^^^| 

Salmro,  Deson  of,  478. 

Soop-buliblfi.  diffiuion  through,  1£3.                               ^M 
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SociaJ  meclmni'Cis,  ^02. 

StM-iciv  of  insetis,  IJiJt.  ■ 

Spcio!og>",  coiripuntcive,  ■i>03. 

Sodtiini.,  chluriJu  of,  i>2 ;  nte  of,  77. 

SoeiQineriiiit  on  ]i;^.  a60;  »pdt  oft  1185, 3i>7. 

Soil,  infliionte  of,  17(5. 

Solar  p]«7(as,  $50. 

SomnoiLibuliflni,  £57. 

Song  and  ^pccch,  dixtinClions  af,  3B2. 

SocL,  CKiKteiico  of,  283  ;  independence  uf, 
285,  548. 

SotNU,  pcciiliaritiea  of,  3«1  *,  analogy  of,  lo 
light,  37'J;  articulate^ 'iSfl. 

K]mii],  cuIudUI  ciiijiltu  uf,  032. 

Bpnlianzani  on  food,  li.l. 

8peakitig  loadiinot,  :t5G. 

l^pvi-iM  uf  plant*,  479  i  (^liQngos  in,  iSO,  484. 

Speech,  M9. 

Sfcmi&tic  Hutil,  A17. 

Spcrmauiioa,  5 1 7  ;  development  of,  CIS, 

Bperm-cell,  GIG. 

8phcriL-fi]  altctTfliion,  .19«. 

Slfhinx  ligustri,  '270,  »UB,  3U,  G07. 

SpitmliuLia,  2di. 

SritJAL  CO'III),  2'.H,  Stifi  i  TPflex  action  of,  300; 
compnralivc  nnatomv  of,  .HIK);  -fit visions,  of, 
2%;  I'onut'ctiuii  of, niLli  broiiii, 302 i  funL*- 
tions  of,  3<)3. 

Spinul  ncnes,  roots  of,  3ti3. 

Spiracle  of  in»crl,  lu7,  3u2. 

ifipiml  v^sfieta,  Vi^. 

8pirii,  2i. 

HptiKMCreiitiis,  301. 

SpmilmEe  of  blood,  IGO,  IdO. 

SpLtcJug,  liuliit  of,  47, 

Spleen,  211. 

Spongio!«K,  87,  46<i. 
'  Spunt nil u oils  cciiinindoi].  ti^d. 

Stapes  in  imrodiiction  of  iiir,  UiO. 

Slaiidjirit'i,  bxed  plij'siolo^col,  13 ;  LnlileS  of, 
IR. 

Standing,  4J!3. 

Siajicdiit^,  3U5. 

Ktnrcli,  71, 

Slan'mion,  183. 

Stcai-ide,  210. 

Stecnstniji  on  (insneralioD,  537' 

tjtcno,  duel,  uf,  4-3. 

Sicrt'oscope.  3IJ7. 

Still  layer,  H3. 

Stomach,  41,43;  Ivpes  of,  42;  tcmiicratHro 
of,  4!>;  rcj^ons  of',  00 ;  hUtoueaetic  diges- 
tion of,  tiS;  Lloud-v^jscb  of,  102;  mucoiia 
surface  of,  50,  fiei;  follicles  of,  £0;  hydrotd 
(iRtm-c  of,  51;  irimnition  by,  55;  atvns- 
tiors  of,  48 :  voriouH  funiu  of,  C9 ;  move- 
ments  of,  112. 

Stovo,  worminp  by,  Iftl. 

Screcker  oi3  Ijile,  HH, 

t^iriaced  muscular  libTC,  433,  436. 

StOcf:0,  oadosmoxiB  tlir(iii}:;h,  107,  352. 

SubdtviitiiaDH  influenced  b_v  heat,  71J. 

Snbjeiptivo  operatiuiiEi,  267;  ima^i,  388. 

Submiixillarv  saliva,  43, 

Sui'tioii.  net  of.  2'J8. 

SuiIoripaiMus  glftnd^,  397,  238. 

SnlpfawrynniUe  of  piPtimaiium,  43. 


Snlphur,  17,23,27. 

Siiidit;hl,  l.'iB  ;  lunsutiiplioii  of,  iOIl-;    a>V'  1 

4tiS;  vBriHtion  -if.  4h3. 
Supplemental  aii.  lli.>. 
Supm-raiial  caiisule,-*,  214. 
Swimming  liliidder,  157. 
SvHPATHEnc  ereTEH,  341;   peculiar  Shm 

rif,2G'2i  ori^n  of,  34.'>  i    cruinccted    uilh 

spinal,  84.1;  ;piii';lia  of.  34(J. 
Srnipatliy  depend*  ou  I'imilntion,  1 12, 
SyntlictivttI  mind  of  A^iativ,  S'Ji. 
Syntonin,  438. 
SyHteDiic  c^ircu!u.ti.an,  134. 

T. 

Tappolb,  C7(|*eriiiieBts  Tv-jtb.  48J>, 

Tnlking  binb,  352. 

Tuite,  427;  ncncs  of^  429. 

Taurine,  204,  208. 

Tuctli,  40 :  developiucQt  of,  530. 

Teicolo}.rv',  4Ifi. 

TKMrEiiArLKE,  tITeci  of,  on   boilj,  177     o« 

akull,590;  extremes  1'^- 
Tendon  a-.  430. 
Tensor  tyniifiiini.  3flS. 
Tenib  pair  of  neirea,  340. 
Testis,  TjIK;  Mcrciiun  of,  0 1 7. 
Thflcltrali  ou  ctfeM  of  want.  r,8T. 
Thcnanl  on  pcrji|ii ration,  2*0. 
Third  pjiir  of  nun.e»,  333. 
TliOTaucdnr!,!)0. 
Tickling,  42a. 
Tidftlnir,  IW. 
Time,  inirDdiictioTi  of,  into  ncrvoos  lueck*- 

oism,  2<i!l,l'y7. 
Tin,  trade  in,  til9. 
TiHBHc,  ccliditr,  4?7;  tncrifonn,  4!r7;  Ahn>. 

ceLLular,49T;  vniiciilar,  4!>t^:  ycMciwltl«nu>. 
"      (OS;  white  tlbrous,  4119;  nn-ukir,  i'.Hf. 
Tonttue,  428. 
ToDCii,  siructureurorKoiiur,  417, 418;  min*- 

ncss  of,  420;  in  amimali),  tiltl  ;  n>niwcte«l 

with  vision,  419. 
Toumefon  on  gdani;,  4T2. 
Toyubec  on  ear,  Sclii, 

TmcUof  sjDinnl  conl,  SOS;  of  bmin,  31ft.' 
TnidescAnlia  Virginicn,  eirculatJon  in,  13*." 
TmditioiiB,  067. 
'  Trains  of  thonght,  .ISB. 

Transvtrse  tnini'miasirin  in  f>|iiiui|  tiord,  SOh, 
Trembloj-  «n  lydm,  501. 
iTrigemini,  334. 
Trisptanfhnic  ncn'c,  344. 
Turner  on  smell,  427- 
Twelfth  pair,  343. 
Twins,  sitnilnrify  of,  500, 
Tympunnin,  tU'M,  iHtiii. 
Type,  idciU,  of  maD,  £(>5,  61 1. 

h'. 

Unpoi.iA  KEiiTE-ci;i.L8, 2E3,  HGS. 
L'niversal  hurtory,  Gil. 
Urea,  447. 

Ubike,218;  compoeilien  '0f,21ft;  iu««  ,«_ 
uined  in  it,  220;  hippnrif  ncid  in.  tSi- 


I 


^^^^^^^HH 

INDEX,                                                                 <34H            ^^B 

variaLiJitj   nf,  SIS;  anlphatCii  ill,  320;  in- 

Volkm^nn  on  tnuBCUlftr  rantractioii,  276.                 ^^^| 

flaence  of  diet  op,  230 ;  ealino  mntlCir  of, 

Vo.luniL'  of  coutrai'ting  nmrclo,  450.                       ^^^H 

2ao. 

Volrox  j:loljKtur,  511.                                                  ^^^H 

Lrtenn*  hUtritiotl,626;  tubes,  52.^. 

Von  Bur,  law  or^  fi14.                                                   ^^^^| 

(;uicle,4ie. 

Von  Becker  on  cortioliydraieti,  O?  ;  on  aagnr,          ^^^^| 

^^M 

V. 

Vowels,  S56.                                                                 ^^H 

Vaccdm,  lendcncy  to  b,  in  rcBpErBtinn,  l(!5. 

^^H 

V'ftlencin  un  difTcutiaii,  1113;  uii  i>tir»[uraticm, 

^^^H 

229  ;  on  food,  SS. 

WAtJcnto,  458.                                                       ^^^H 

Valves  of  ths  heart,  138  ;  soancb  &f,  139. 

Wallticc  on  cvo,  3S5.                                                   ^^^^| 

VbIthLe  tonnivenics,  fi7. 

Want,  cfTcc't  uf,  687.                                                    ^^H 

Variable  results  from  invnriablc  (rauseo,  270, 

Wnrriith,  artificiiLl,  1)41  ;  iflurcased  quAniitv           ^^^| 

281. 

reijuircil  in  «lecp,  i*.*i4.                                             ^^^^| 

Vtiiuianp  of  hecil,  170;  efiVtct  of,  on  m&n, 

Wosmnnn  on  I'ei'sii).  Gfi.                                        ^^^H 

180;  ofBpct'ics  orfilants,  47!). 

Wb«p,  liDbiLs  of,  GW.                                                  ^^^M 

Vascular  areA,  628  j  lamina,  52H  ;  tjiatcm, 

Wame  of  (i«»ue,  12,  23,  52.                                         ^^^| 

ori)(in  of,  r)28. 

WATtfE,  UHQ  of,  11,  21,  22  J  Rolveiit  powur  of.          ^^^^| 

Vtaetable  tells,  cimilntinn  in,  lft2, 460. 

2l  :    use  in  tnilk,  20;    ulrsor|)lioti  of,  52 :            ^^^| 

Veins,  alwonitii-iTi  Ijv.  t*4,  143. 
Ventral  cord,  31)0,  :(0",  GOy. 

(juftniiiv  c:ilial«d,  1415;    couliiii;  efR'ri  of,                  ^M 

186;  of  bI<:>i.Hl,  121.                                                         ^^M 

VcQtrides,  I3P  ;  fime  of,  ISO, 

Wnve  in  bI<H>d,  141,                                                     ^^^^| 

VcnCuri,  {irinfiplo  oty  {HI. 

"Woanin);  of  pluntn.  iCii.                                        ^^^H 

Vermiform  a}*|jendix,  63. 

Wtber  on  pelvis,  fiH7  ;  on  (luniititj-  of  bilood,                  ^M 

V«rnois,  liiblu  from,  113- 

1 13  ;  g»  ftinndinti;,  4!i'i.                                                  ^H 

Vertchni,  I'laS. 

Weiffbtcfman,  13, 14, 541  ;  nrinfaniR,  N.           ^^H 

Vertebml  cnnnl,  2D^. 

Whsia,  491.                                                            ^^H 

Vertebnita,  294. 

'Vitioittitonc,  3S7.                                                         ^^^1 

Verticil!  vii:iv  of  hkn]],  582. 

Wbi-iperinji,  $ali,                                                   ^^^H 

Vseici'LAR  ninncr,  coinjwsition  of|274;  re- 

White on  arm,  1*80.                                               ^^^H 

lations  uf,  BEiV 

Wi^iiin  on  dtiulity  of  mind,  820, 3H1 .                      ^^^H 

Vestibule,  374. 

^^H 

Vestiges  of  ntnniis  imprcasiona,  260,  28S. 

Wil!ion  on  henrt,  13^.                                            ^^^H 

Vibration  of  »ouni1.  time  incaaUKd  hv,  37-, 

Winf-makinp.  7H,                                                               ^^^^H 

Viranons  action,  47^  lUO. 

Wolftinn  bodies  Infl,  .'t.'S:!.                                                ^^^| 

Vitronlt,  1G4. 

Woiri^n  in  A>'n  nnd  Europe,  AO'l.                         ^^^H 

\'Liit,tt1.'8U,  87, 110;  cells  t>f,«»;  anion  of, 

Wordij,  oriifiti  of,  ^r.ii.                                            ^^^H 

110. 

'WoFidiiiln,  |]llb]it,  inHwfncc  of,  G2S.                              ^^^H 

Vircliow  on  ffldi|iorire,  24T. 

Writing,  3&U,  CIO,  Glo,  GSr,.                                      ^^H 

\'i»ji>x,  379-  copijmnitive  anniomy  of,  3&0: 

^^^H 

kItikU^  and  double,  395;  invunau,  401. 

■   ^^M 

Vi>iiins,  404  ;  condition!!  of,  41(1. 

ViKUii]  hall  urinations,  403. 

liiozAQ  nppearbncv  of  iiin<ii.'le,  4!!'*                        ^^^H 

ViiiiS  ininciiitr,  24,  2.\  Ho,  109.  4r>ti. 

Zimmerman  on  rca'pirution,  170.                           ^^^H 

Vital  [i|.iftrk,  4Kn, 

Zinc  oclt'd  on  bv  ginstfic  jhirei  60,                               ^^^^| 

I'itreotis  bumor,  385. 

Zoun  |>cllu('ida,  Ti2'i,  'i:i!n,                                                ^^^^| 

\'orftl  sounds,  3J12, 351, 

Znot^gKires,  49(j.                                                            ^^^^1 

Voire,  3S1 ;  nrtiQcinl  lainis,  3Jt&;  pitch  of, 

am. 

Zy^inciua  quini9iiiin,r>l,'>.                                      ^^^B 

^^H 
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